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LETTER 

raoM THK 

SECRETARY OF THE SM1THS0X1-\N INSTITCTION, 

ircrA^iTTi^Q 

THE ANNTJAl EEPORT OF THE BOABD OF BEOENTS OF THE 
INSTITUTION FOB THE YEAS. ENDING JDNB 30^ lOlOu- 


SiimisoxiAs Institution, 
Washingtofij J/dy 

To the Conffrese of the UmUd Stais&i 
In accortlancc with section 5593 of the Revised Sts tut 45^ of the 
United States, I have the honor, in behiilf of the Board of Eegents^ 
to submit, to Congress the anmial report of the oj^erations, expendi- 
tnre^iT and condition of the Smithsonian Institution for the year end¬ 
ing Jwne 1910. I have the honor to be, 

Very respectfully, your obedient servant, 

Chabmb D. Walcott, Secretary. 
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ANNDAl REPORT OF THE BOARD OF REGENTS OF THE SMiTH- 
SONIAN LNSTITUTION FOB THE YEAR ENDLNC JUNE 30, 
1910 - 


SUBJEim, 

1. Annual report of the secretarj', giving an account of the opei^- 
lions and condition of the Institution for the year ending June 30, 
1910- with statistics of exchanges- etc- 

2- Report of the executive committee, exhibit ing tlie financial 
affairs of the Institution, including a fitatement of the Smithsonian 
fund- and receipts and expenditures for the year ending June 30, 
1910- 

S- Procedings of the Board of Regents for the sessions of Decem¬ 
ber 14^ 1909, and February 10,1910. 

4- General appendix, ccsitprising a selection of miscellatieonts mem¬ 
oirs of interest to collaboratoFs and correspondents of the Institutioti, 
teachers, and others engaged in the promotion of knowledge. These 
memoirs relate chiefl}^ to the calendar year 1910* 
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THE SMHHSONLiN ISSTITUTION, 


JUNE S&, iS/0. 

i^r^Aidini} ojjlcfrt' tr ogUHo. —Wclxiam fl, TifTt l^-eftJdeot of tJjo Uni Led Bfntca- 
Meltxlle W* Ftthee, Chief Jnitiee of tbe UnJtot! Staics. 
Membcrt of the T^t^titK^Uon: 

WcLiJAM H. IVrr^ PPe*Jdent of Ibo United Stntes. 

I\mm Vk*o Freslilcnt of tha United f^tutedr 

X££tiViLi.E W. VtJLLEM^ Cbler JufitLee of tlm UEiltnd 8 tnl;c& 

C. K?roXt Becretnij of 

Fkaseujt MAcVnknit,, SerretaTj of tte Troasaiy. 
jAcon 51. DlCKlffsn!tp Becretnry of Wnr. 

GmufiK W, WjcKEiGiiAAf, Attoni^y GenorAl. 

Umnk H. lliTcncxK:K« PoeimflsLi'r OmiomL 
CcoROE Tos L Mittee, l^-rei 4 t 7 of the 
Rk-habd a. BAt4-i?co£ttr S?ecmjiry of Uie Intetlor. 

JiAui£s Seoretiiry of Ai;rli?nlt«Te, 

CliARUsa ^Ati£Lp Secretory of Commerce nnd Ijibor. 
of the In^UtuUen: 

5Cci.vrjj.£ W, FU 11 .E 3 L, Chief JnBtIce of ths United Stnte?. ChnncellDr. 
James S, SnsituAn, Vice Prwsklent of the United States 
^uelbt 5L CoLLoii^ Meotber of the Setinte. 

IlEXRY Cabot t^noE^ ^Femher of the Simnte. 

Acgdbtch O 4 BacOWp Momtier of the Senate. 

John UALaiJJ., MemtHTT of the Honso of ItepreBenlAtlYeR 
jAUEai R. MA?tN, Member of the House of HepreffeBTatLTce, 

WiLLiAif M, Howaso, of the Honae of Itejiresentntlren. 

jAUm B. A^etzA^ cltlxen of 5llcbl^n. 

A.yoKEw D. WniTE* ciUxen of New Torh. 

John Hendebsotc, eltbseti of WnshUigton, D. C- 
ALEiANpim CiRAllAM Beli^ cltlzeii of WnsliJngtoti, D. 0 . 

(IroKOE GraYh elCs^ of i>e]Rwarc. 

CiiAHu:ft F» Choate, Jn, citizen of 5ras&iii:dinsettR^ 

Fxccffftcri CommWIce.—J. B, IlENnEisaNp AupcANOEft Ciiaham: Bixt, John 

1 >AI^ELL, 

Scvrcto-ri^ of the Imtltntton .—CiiAEus D. Wajusott. 

AMistont Seerctarif. —Hichaisd Katjiecn. 

Chief CtfTt.—H aert W. Dobnzr. 

othJ HfihMrAftifp .Jjrrpil.—W, L AnAMS, 

HOWaIP U i-Anic- 
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REPOKir BMITHI^NIAN JNSriTUTIO:N, U^IO, 

THE NATIONAL MUSEUM. 

Scwelflrj^ fn (lAai^r-n— ttiCHARn RATimun. 

AcfinlnfifrialfrfT AfAij|{3HC,— \\\ tic KAtzrrEL, 

ffrQd Cumt&rt.—VritLLB^u H, Hulmes, F. W. TRm^ G+ K Mesaill. 

n SL EABBoa^ A* Howaxd Clmk^ F. W* CUkRES, F. CoiflLfA, 
W- n. Dalj^ J1+ W. J. M. FU^IT, U* S, N. fn?tlml)i, W. H. 

HOAlLta, WM-tia HoUqh, L, O* HOWaKU, ALftS HEDLlil^RA^ OkUKIT JSL 
Mni . rt ^ Jr,, ItfcjiAm^ RATOHim, UoncAT Rii^waTp LEostiiAmi 
Qiumut D. IValCott. 

Cwrafor#,—J, X. llo^p V^^'iP White. 

Curatort .Vtfftonal of Arf,—W* H- Hdlueb. 

Chief of Ccrr^pondmcr atiit 0»riiine7ir«.—R ai^dolfii I. Gr-AHE. 

Siiperfitlrndcn^ of Cun^tructian tiH^ Lobor^ —Jp fl* GoI-I^Iihith. ^ 

Hdilor. — yiASCUS B£NJAAi£n+ 

PhotOifraphvr.^T. Vt\ SVILLtE 
fieffistrar. —S. C. Bsnwrv. 

BUREAU OF A.MERICAN ^TTHNOLOGV. 

EfAno^opftr in rAarpir'.—F* W. 

EihAOiojfUtK^. WAL-ra FKwREftp Jp N. B. IIewjtt, Fdanci^ Flwhr, 
TKuaiA^f MiciiiXfiDK, James Mookev, Palx RAiiJBt, Matilda Cme 

BOKp JOHE 11* SWaKTDM. 

Fhiloio^iitt. —FliAKx Boas. 

Jv'/ilnr.—JasEPH O, CSraifT. 
iJftfjIra^or.—H e LaWcey VV+ Q 11-t ■_ 

INTERNATIONAL EXCHANGES. 

Chief UJerJt.^^ \\\ Shoemaker 

NATIONAL 5500LOGU?AT* PARK. 

SnperfAlcnifenf.—F ua^tk Barul 

Atfprrlnrpii(fnr.—Ap B, Baker. 

ASTaOPHTSICAL OBSERVATORY. 

Dirrdor .—Cl Q. Arrot. 

AW.—F. E FowuLp Jr. 

UEGIONAL BUREAU FOR THE UNITED STATES, INTERNATIONAL 
CATALOGUE OF SCIENTIFIC LITEILVTURE 

Aiiddiwnr In clkiirpb%— l. c. GtmAExjL« 


REPORT 


OF THE 

SECRETAKY OF THE SMITHSONIAN INSTITUTION 

CJJAKLCS D. H^yiljCDTT, 

FVRTHE im* 


To tiiS Board of BuffenU of the iSmitfiSoniun I 

Gentlesies! I liuvd. the honor to if^ubniU a report showing the 
operatiorifi of the Institution daring the ycur ending June SO, IDIO^ 
including the work placed under its direction by Congi-ess in the 
United States Kational Museum^ the Bureuii of American Ethnologyn 
tlie International Exchanges, the National Zoological Park^ the 
A&trophysical Ohservatory^ and the regional bureau of the Inter¬ 
national Catalogue of Scientific Literature. 

In the body of thk report tboi-e ia given a general account of the 
affairs of the Institution, while tJio appcndi.x presents more detailed 
statements by those m direct charge of the different brandiei^ of the 
work. Independently of this the operations of the National aiurieutu 
and of the Bureau of American Ethnologj^ are fully treated in 
separate volume?, 

THE SMITHSONIAN INSTPrUTlON. 

TILE ESTARLlSinMKNT, 

By net of Congress approved August 10, 1S4G, tho Smithsonian 
InstitutiDn was created an establishment. lU statutory members are 
“ the President^ the Vice-Pr<^identj the Cliief Justice, imd the heads 
of the executive departments*” 

TRE BDAEt> OF REGENTS. 

The Board of Regents consists of the Vice-President and the Chief 
Justice of the United States os ex officio members, three membiirs of 
the Senate* three Members of the Hou^ of Representatives^ and six 
citiscena, '4wo of whom shall be resident in the city of Washington, 
and the other four Bhall be inhebitante of gome State^ but. no two 
of them of the same State.” 
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ANNUAL BEFOAT GMlTSSONlAN IN^TUnON, UlD. 


Ttiere has been tio change in the personiitd of tlie Board mnee mv 
lost report, Rtipresentatives John DalzeLl, Jatues M. Afann, and Wil¬ 
liam 3f, Howanl; and Uon. John B. Henderson, nnd Dr. Alexander 
(Iruhnm Bell, whose terms of oiSco expired during the year, having 
been reappointed ns Regents. 

Meetings of the Regents were held on Dcccniber 14, 1®09, and on 
Fcbmary 10, llllO, the proceedings of ivliich will be printed ns 
cufiloinary in the nnnual report of the Board to Congi-css. 

Although occurring a few days after the close of the fiscal year, 
1 may properly record here the deatli on July 4, lOJO, of the Clmiiceh 
lor of die Institution, ^hdville \\\ Fuller, Chief Justice of the 
United States. Adequate reference to this sad event will be nude 
in my next report to the Boanl. 

dl^NliHAL COXstDEllATIOXS. 

1 have called attention heretofore to the iriQueiice that tlie SmitUsO' 
nian Institution has had in tlie developmerit of science in thl^ country. 
That its usefulness is not restricted to this country i.s constantly 
evidenced in nuny ways. But the acliievemcnls that the Institution 
might accomplish, and that the sdentifie world expects of it, and the 
general yiwd that it might do in llic promotion of tlio welfare of the 
human race, continues to be greatly limited by the lack of ample funds 
to cany forward worthy lines of exploration and research that are 
constantly lieliig presented for consideration. 

During the past year the tusthutWs activities have liecn increased 
to some degi-fc by gifts for the promotion of certain special lines of 
study, parUculariy in biological research. 

Among the important works that might bo undertaken I would 
especially call attention to tho great advantage to this country and 
to the world that would remit from the cstahlishment of a national 
acismological lalmratary under the direction of the Smithsonian 
InstUdLidn. 

mmimAKiJE of a JtATIONAL SEISMOI-OOtCAl. LAflORATnilV, 

JITOl, 

Tlie icrimen^ clcatruction of life mid pi>:>perty bv eertaUi Inrge 
earthquakes emphasiises tho importance of investigations which mav 
lead to a reduction of the damage of future earthquakes. The science 
of ^mology is in its infancy and it is not always evident what lines 
of investigatiun will yidd the most Important results, hence the im- 
(wrtance of developing larger Icnowlwlge of seismologj' in all direc¬ 
tions. As an example: It was not at all realixed that the accurate 
surveys of the Coast and Geodetic Survey in California would dem- 
onstrato that the great earthquake there in 1008 was due to forces 
set up by slow movements of the land which have probably been going 
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on for ft hundred years. We have learned that slow movements of 
the knj miiBt precede inHiiy large earthquakeis* and moniimdnts are 
now being set up in Cjilifomija to enAhk ns to discover future move¬ 
ments nf ihe laud nnd thus to anlirlpate future earthquakes. This, I 
think, is the most important step so far taken toward the prediction 
of eartliquakee^ 

CO<|irEEATJOH. 

Seisuiologieal work is too large to be prosecuted siiceessfully by the 
iiniversitieg* hut requires some cunfral olHce tmJer governmeul super¬ 
vision to encourage theoretical and observational studies and to col¬ 
lect and study information from all available sources. The various 
(Jepartiiients of the Governtoeut could offer material help. The 
Wenther Bureau could furnish information regarding felt shocks 
and could maintain seismographs at some of their stations. Post¬ 
masters throughout the country could also report felt earthquakj^. 
The Coast and Geodetic Survey could maintain instruments and 
adapt their surveys and tidal obfser vat ions to the detection of slow 
curth movements. The army could give information regarding 
earthquakes felt at their outlying posts^ the na\y regarding 
earthquakes felt at sea. The Cieotogical Sur^'ey could furnish infor¬ 
mation regarding the geological structure of earthquake regions. 

EicrBiror^TCAL ctxAaiva iidese am fobeect coocEiiATiorf. 

T\ie seiamologlcal laboratory would collect and study all thi$ infor¬ 
mation, It WGEild serve as a clearing bouse for the whole country. 
It would also be the link to counect seiEmologiccd work in this country 
with the work done in other parts of the world. Its director should 
represent the United States in the International Seismological Asso- 
cialion which this country has joined through the De|>nrtment of 
State, 

wavmri’MEST woai; t?f viinmms ccutctucji. 

(idru^nyt italj, Hungaryj Koumaiiia^ Bulgaria, and Japan have 
niBintained for ^mc years offices for the collection and study of earth¬ 
quake matetiah Chile and Mexico have recently established them. 
The work in England is under the direction of the Royal Society. 
Many other countries maintain stations for seismologicaJ observa¬ 
tions. This is the only importAut country subject to destructive 
earthquakes whose government does not support the study of earth¬ 
quakes. 

woMiE or THE l^aORATomr. 

L Collection and ^udy of all information regarding earthquakes 
in the United States and its possessions, Tlio preparation of maps 
showing the distribution of earthquakes and their relation to geo* 
logical structure- 
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% TKe istiidv of fq>feciul regions whicli nre subject to frequent earths 
quakes to determine as far ps {wsstble where future earthquakes are 
likely to occiir« 

S. The study of the ori^ns of earthciuflkcs occurring under the 
neighboring oceans, 

4. An organization of commissions to study in the field the effects 
produced by large earthquakes, 

5. The study of proper jnethod.s of building in regions subject to 
earthquakes^ This will require experiment* 

C. Tlie improvement of instrunicnts for recording earthquakes, 

T* Other thcoreticul studies, 

8. The disseiniJiation of information regarding earthquakes by 
bulletins or otherwise* 

^UJrUKJTT. 

Tliere will be required an officOj a laboratory, a pbotographic rf>om, 
a work shop, and a special insLruincnt house. The building of 
this latter houfsc and the general equipment would cost aboui: $C,000. 

OBU^niiUTfDa A!TD AftKVAL EXFENqtS. 

In the beginning there would lie required a director, an asaistanl, a 
mechanic, a stouognipher,and it would be necessary to pureba^ books, 
inslrumenta, and material for the laboratory, etc, U is estimated that 
§20,000 would iHiuip the laboratory and meet all the expenses for the 
first year. After tliat the work will probably expand and tbg amount 
applied to equipment for the first year would meet the requirements 
for extension for seine time after. 

F1X4XCE3. 

The permanent fund of the Institution and the sources from n-hieli 
it was derived are as follows: 


DrpoitiUd in Treffiifrir p/ the UpUkttl 


BequMt of SmUliffOd. 

Itcaliiufiry Ip^racy of KaUttuoiif _ 

l>ej>o«lt froEo fsjirlu£3 cf incoan^ _ 

Bequait of Jaiwes Ilarnmea, 1875__ 

Accuiuuljitet lntDrt?£(i iia [laiallEati fuaU. ia)5. 


fl. uxt.oo 

1 * 000.00 


IteiagAt of 8tmccD Habi-I. 18S0,„___ 

Lepufllt from pnocectlEt of mle of bcrals, iSSl_ 

Olfl of HiDDUift Gp HodRfalns* IfiOu ,,, ____ 

l^rt ^f residuary Igfiilcj of TlK^aiaH G. Hodekina, 1804 

from Btivlag^ of Income, ItJOS____ 

neildimry Ickboj of Tbomas G* HodekSns-,,,^.__ 


1515p moo 

SB* 210.133 


2.0CN), 00 

moo 

ni.moo 

2 oo,ooaoa 

SpOOO.OO 

25p000.00 

i.oisico 


Total amooot of food la die Uolted SUtea Treasary__^^_ 

Iteiejsurrcd and £minia1o«l bonds of tlie West Sliori! Hall road Com 
pahy (par raluc), part of ici-ncy of Tliamaa G, Hod^kUiB 


^14,018.00 
42, 000.00 


Total ponuaaent fund-__ 


— ose, flia, eo 
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The sum of $251.95 was received dtiring the year as the first pay* 
merit of a bequest of $500 made by ilie will of Mr. 'Willijim Jones 
Khces, for many years an oflicer of Llie InstituLiou. This fuutl hag not 
[>ecn invested. 

In addition to the above tliero are four jncces of real estate 
bequeathed to the Institution by the late K* S* Avery, some of wbieb 
yiebl a nominal rental and all are free from taxation. 

That part of tbo fund deposited in the Treasury of the United 
States bears internal at a per cent per aiirium^ under the provihEoris of 
the act orgaiiiziiig the liislitution ainl an act of Congre^ approved 
March 12, 1S94. Tlie rate of interest on the iVest Shore Railroad 
bonds is4 percent per nnmim^ 

The income of the Tnatitntion during the ycnrT ainouniing to 
$lC7j4ti3.GS, was derived as follows ; 

Interest on the permanent t^ouiidatioiiif $53^^75.12; contributions 
from various sources for specidc purposes, $434230,05^ and from other 
miscellaneous sources, $5,877X1; all of which was deposited bi tiic 
Treasury of the United State.s to the credit of the current account of 
the Institution 

With the bahiiice of $32,17(^.70, on July I, 1005, the total re.>ource3 
for the liscnl year amounted tu $130X60.33. The disbursements, 
which are given in detail in the annual report of the executive com¬ 
mit tee, amounted to $101-205.50, leaving a balance of $35,304.88 on 
deposit June 30, 1010, in the United States Treasury. 

Tho Institution was diurged by Congre^ with the disbursement of 
the following appropriations for the year ending June 30,1910: 


liktcrnattQQal Exelian^cfi.— _ __ _ __ __ _ $32,000 

American Etlmologj-_*______^ ^ _ __ 43,000 

ABlrcpUjylc^L OIJiisar\'aterj___^____13,000 

NnLloniil Mu£oniq: 

FaruUtir^ and 6xlure»___200,000 

tteatiaj; uud IlisUtlug^..__ _ ____ 00,000 

Freiiervalloa of eoUectlous.^___ - ___aTrfJ,000 

Book? ____ _ __ J_______ 2,000 

Poslntse_ _ ____.. aOO 

BaitUliie reiwIrB___ _ _ 10+000 

MoiLog; eoUL*^tkaH tn OeW __ __ 4^000 

Natlpunl Zoolo^cal Park,,-.-__^ _ ____ _ _ e(!>, (XIO 

IntemntlODai CntalD^e eC ScleatlFIc Literature--^.__ 0,000 


WotaL-___—____....... 720 , EKMJ 


KXPIXJRATION.S AX'D ItESJil^vnCHE^. 

As far aa the resources of the Institution and contributions from 
individuals has permitted, various iicieuilBc explorations and re¬ 
searches have been carried on during tlie post year, ami it is gratify¬ 
ing to report that the Institution's activities in those lines have been 





















10 


ASS UAL BEPOBT SMITHSOSIAJT TSSTHruTIUK, IfilJG. 

somevliat niotB extended tljan in previoufl years. Were atuple funds 
uvailuble to be administered under the Smithsonian Instil utioii, tlie 
Ecientifie work of the Government might often !» supplemented bv 
original researches of a character that could hardly be undertaken by 
the Gbvornrucnt, and which would be of great service to hiimnnitv and 
ta sicienM. 

Besides opei-altuiia undertaken by the Institution itself, impoctunt 
biological, ethnological, und aslrophysicoJ researches Lave been par¬ 
ried on under its direction through the National Museum, the Bureau 
of American Ethnology, and tiie Astrophysical Observatory, which 
are discussed elsewhere in ttiis report. 


sSimisoxuN AntiVA^r expsoitios. 

Ill my last report there was given an account of the setting out of the 
expedition to Africa in charge of Co], Theodore Roosevelt and of the 
results accompli.shed prior to June SO, 1000. This expedition, whici, 
was entirely financed from private sources through contributions bv 
friends of the Smitltsonian Institution, landed at ^lombasa on April 
21, 1009, and arrived at Khartoum on March 14, 1010. The collec¬ 
tions made by it reached Washington in escelkmt condition and are 
now deposited in the National Museum. The scries of Jarge and 
fittipli Jiinmmals from East Africa is, collectively, probably moi-e 
valuable than is to be found in any other mmjcuin of the world Tlie 
TO of birds, reptiles, and plants ait: also of great importance, and 

the study of the matennl representing other groupa will furnish 

mtereiiting; results;, 

I^'^velts report on the work of the expedition ia a.s 

ww ^ J V. me Smlthaonlaii Afriwm «p«ytion 

wlili.li was lntrti«i«l to my c\mrxf. bus now comrl^tert its wort V,n ™ ‘ 

will Oe owde 10,er by the three oammllstt. mIT iSlma. ZL tT 

thin prcJliultinry slutourent to b4iH 

““ ■“"' •« >” 

IWO. Oa bMli” Jnml!d'’by Si? ^.T^liliSligSlSir 

the eipedhlou on nay other mcuibcr tlifrwf. ^ "“rceaft of 

PJat«« o„d Ute Hannlaetoa. -a^ fvwtor M«ras oad 


EEPOHT OT TH^l fiECltlJTAJlT* 


11 


seimratf trips lo tlie «itst n^r Monjbnsa. On l>Mitib^r lyi tbe CTfwdl- 

tion left Efiftt CTOH^rsd U.^sniid nnd vrent down the Whtto XHe, 

Xorth of WfidflMl we stoiipcd and spent over three weeks In fltc Lndo, nod 
fmtn C’dtidci'liordi Kermlt Roosevelt aud I tipiln erxiFee^T Into the Lado, spendinit 
eight Or ten daya in the nel^borhooil of UojnL Tn Ooniloknro we were met bj? 
the Steamer which the SJLnlnr, with grent eniirte^w, had pnt at our disposal. On 
the wny to Khartontti we made collection s In Lnke Na and on the Eahr-el- 
GImuI olid FEoreh!!^]iif+ We owe onr warmest ttmnks for the generona eonrteBi}' 
shown i]H and Ihe aid freely jdven db, not only hy ihe Sirdar, bxit by all the 
British olhclals Jn Kisst Africa, Ufmnda^ and the SudniiT and by the Belgian 
oftktals In the Lndo; nnd this, of eour8i>+ means that we are also Indebted to the 
hotpe gnTcmments of Egypt nnd Bol|eluif!i+ 

On ihn trip Mr. nellcr has prepared 1,030 fipoelmeiia of nianunalH^ ibe majority 
of Inr^e el®c#: Mn I^arlng has prepared 3,103^ and Doctor Moania, T14, n total 
of 4,^S37 niammalB. Of blrd;^ r>octor Meam* hns prej^ired nearly 3,100^ Mr. 
Turing. and Mr. Heller nbont CO^ a total of abont 4,000 birds. 

Of reptitefl and butmehtnna, Messrs. Meania, T>orb]g, uud UelJer eolleeied 
atwht 2,000. 

Of dahes^i iibout COO wore coUeeled. Doctor ^lenrms eollecied marljiie liabert 
ncfir ^tombasa and fresh-water ttahes where In DrEtlah East Afflea, nnd he 
and Cuulnglmnie coltia^ted llwhes In the White Xlle. This mahen tn all of TertC' 
bmEufli Mammals, ; hlrdi", aliout 4,000; repilles and battachlnnftr ahont 
2,000? ftali^ sibnut K)0; total 11,3S»T. 

llie Liivurtehmiev were eolleeted cat^fOlly hy Doctor wdth seme 

asalatanei^ from ^tes^ra- CiinLnghame and KcrtnEt Uoosevelt.^ A few D:iarlao abelht 
were edl]eci^?d near Monihnsn, nml InmJ and fre^b-water shells througboiJt the 
regions vlyltcd. ns well as crabs, beetles, mlllEpeda, and other Invertebrates. 

I^venil t bon sand plants were collected Ihronghont the regions vJsEteil by 
Doclof Mearns, whn employed nud tralnod for the work a Wnnyamveal named 
MakuTkgarrE, who soon leanuil heiA^ to make very pood Bpcclmens and turned nut 
jin excellent man In every wny« 

Anthropqloglcol nuiteflals were j^ethered l^y Doctor Hearaa^ wiih ^le ussist- 
aace from others, A collect loti wrs contrtbtitcd by Major Rosts^ nn .American In 
the governmetit seriico ftt Nairobi. 

I have the honor to be, very truly, yours, 

Tiieopoke RoasEvii.T. 

Horn tjlUiStt^ D. WALCOTTp 

ffctrrrfarif nf tfw ^m/rAMrjMfaa iniflraHon. 

STUDIES IX CAMBRIAN GEOfvOCiT AXp I'ALEt^XTOLOGY. 

During the field uf 1900 1 couiluued my luvei^tigaiioiis m the 

geology of the Cauibrian and pre-Cambrbn rocks of tlie Bow River 
Valleyj Albert a, Canada, and on the west side of the Continental 
Divide north of the Canadian Pacific Railway in British ColiRubiai 
The first camp was made on the shores of Lake Louise, southwest of 
Laggam Fron:i this point B'ork wns carried forward on the higli 
mountains east, northeast, and southwest of the lake, and (sida fripfl 
mode to the valley of the Ten Peaks and across the Bow Valley in 
the Weinity of Ptarmigan I^ke« llany fine photographs were se- 
ciin&d, both of the beautiful scenery und the geological sections^ which 
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are wontierftilly well shown above timber line on the higher ridges 
iiiifl peaks« 

The ineuiqireRients of tlie Cambrian section were curried down to a 
mussive canglomerato which forms the base of the Cambrian system 
in tliis portion nf the Rocky Mountains, Tliis discovery led to the 
litiidy of the pre-Cambrian rocks of the Bow River Vniley, These 
were found to form » scrira of sandstones and shales some 4iK)0 feet 
in thickness, that appear to have been deposited in fresh*water lukes 
])rior to the incursion of the marine waters in wliich the great bed of 
conglomerate and the Cambrian rocks ubovo were deposited. 

Completing the reeonnoiasance survey of the Bow River area, camp 
wins moved to the Voho River Canyon. In the Yoho Ri-i'er Canyon, 
one of the most picturesque and instructive areas in the great Y*qho 
National Park of Canada, u sliidy was made of the north side of the 
President Range and numerous pictures taken in that vicinity, also 
from Burgess Pass, uortJi of Field. 

A most intercjiting discovery of unique Cambrian foeslU was made 
near Dnigc^ Pa^ Quite tt niiml>cr of specimens were collected l»e- 
fore smnv drove the party back to Field. Three days were spent on 
Blount Stephen at the funioiis trilobite beds before breaking up camp 
on September 8. 

opportunity otfcrcd during the fall and winter, field notes were 
written up and studies made of the sections cibtaincfi during the sum¬ 
mer. As the rcsult.s of Uicsm! studies two papers arc in press in the 
SmitUsionian MU'cIianeous Coiiections, volume &3t No. (>, ‘■Olencllus 
and other Genera of the Jfesonacid®,” and No. 7, “ Pre-Cambrlan 
RqcIk of the Bow River Yulley, Aiiwrta, Canada,” Prcliminaiy 
studies were also made of the unique crustaceun fauna found in the 
middle Cambrian rocks of Burgess Pasi. 

geological IN’('Eaa-|OATIOX8 IN Tilt: FAB EAST AND IN N'KWFOUNdLANp, 

In my last rei»rt mention was made of ti grant to Prof. Joseph P. 
Tddings for carry'ing on geological investigations in the Far East 
As one of the results of his work the Institution has received an 
interesting collection of Sfanchurian Cambrian fossils, as weU as 
collections of fossils from .Japan and .Java. 

JHie IiKtitution made a small grant to Prof, Charles Schuchcii, of 
lale Lnivereily, to enable him to carry on certain geological studies 
and to obtam a collection of Cambrian fossils from tho west coast 
of Newfoundland, the south shore of T^abrador, and the Strait of 
Bello Isle; also collections to illustrate tUo transition fautui between 
the Cam brio n and tlrdovician. 

STDUy OP A3IKBICAN JLxVKALS. 

Tlirough the generosity of a friend of the T -itiition Yfre F H 
Ilamman, there has been provided o trust fund j-ieldinfe an inTOme of 
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$12jOOO a year, which b plaoEd under the direction of the Smithsonian 
In£ditution for the speoiGe purpo^ of canyin^ on scientific studies, 
particularly of AniGrican tnammaJs and other animab, the donor 
wpeeifying Dr. C- Hart Jlerriam ass the investigator to carry on the 
work during hia lifetime. 

niOU)calCAL tfCHVET or THE PANAMA CANAL KONE* 

The Institution has had m contemplation for some time several 
important scientific exploratjon:^, find it is gratifying to slate that it 
now seeiiis possible that one of tliem — an e-thaustive biological sur¬ 
vey of the Panama Canal Zone — will be unclcrtukcn in the winter of 
1010-11. Definite plans for this survey have not been decided 
upon at present, but these are now under consideration and it is 
hoped that all I he arrangemontg may be completed and the work 
put in hand in a few months. 

It m particularly important to science that a biological survey of 
the Canal Zone be mode at this time^ as it appears without ciuestion 
that it would yield important scientific results^ both us regards ad- 
ditiom to knowledge and to the collections of the United States 
Nationnl Mueenm and other mnseiims. While the Isthmus is not 
BO well endowed %vith large forms as the great continental aiesH^ such 
as Afrlai, southern Asia, and some other regions, yet its fauna nnd 
flora are rich and diversified. Tlie collecting which has been i^arriecl 
on there has been on such a rather limited scale, and cUiefly along 
trode routes, that an extensive and thorougli survey would surely 
produce new scientific information of grciit vnlae* 

A part of the fresh-water streams of Uie Isthmtis of Panama emph" 
into the Atlantic Ocean and others into the Pacific Ocean. It is 
known that a certain number of animals and plants in the streams on 
the Atlantic side are different from those of the Pacific side, but as 
no exact biological survey has over been undertaken the extent and 
magnitude of these differences Imvo yet to he learned. It is also of 
the utmost scientific importajicc lo determino exactly the geograph¬ 
ical distribution of tlie various organisms inhabiting tlioso waters, 
as the Isthmus is one of the routes by whidi the animals and plants 
of South America have entered North Amcrlciv and vice versa. 
IlTien the canal is completed the organisms of the various watersheds 
will be offered a ready tiiean^t of mingling together, the natural dis- 
tltietions now exist big will be obliterated, and the data for a true un¬ 
derstanding of the faima atul flora placed forever out of reach. 

By the construction of the Galun dam a vast fresh water lake will 
bo created, which will drive away or drown the majority of the 
animals and plants now inhabiting the locality, and quite possibly 
exterminate some species before they become known to science* 
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The N'ationnl nt present has practically no Panama mam¬ 

mals. Tho birds now in the collection are chiefly from along the line 
of the mtlrond and from Chirjqqi. It has comparatively few rep¬ 
tiles. The fresit-water fishes are poorly represented in the collectinna 
and ore of special importance for comparison with South American 
forms, r^ind and fresh-water niollusks are much needed. The 
Nattoiiul Ilerharium is poorly supplied with Panama plants; in fact, 
they are at present practically “a negligible quantity” and the 
American herbariuma taken togetlier do not contain a suiBcieiit 
nnioimt of material to form tlie basis of a general flora of Panama, 
which is a work much needed. 


AsriQum' OF ii.\N ijf aoiirn .<imebica. 

In March, 1»10, tho IiLstitution directed Dr. Al«3 Hrdlifkn. Cura- 
tor of tho Division of Physical Anthropology. United States Sationnl 
Afuseum. to procee<] to South America and Panama Canal Zone for 
the purpose of making anthropological researches, and partU'uiarly 
to undertake investigation into the ejuestion of man’s antiquity in 
Aigentina. A grant was also made to enable ^fr. Bailey of 

the tlnited States GeoU^icai Survey, proceeding on his way to South 
America in the interest of tho world’s topographical map/to cooper¬ 
ate with Doctor Mrdtif^kH in his researches in Argentina^ for it was 
oppreciated that the problems to be met with were to an important 
df a geologiiral nature. 

The undertaking of the investigation was especially due to Mr. 
. U. Holmesj Chief of the Bureau of American Kthnolc^V^ whoso 
observations during a visit to Argentina in 11)08 made apparent the 
fnr-reaching importance of tho data being collected bearing on human 
antiquity in South iVmcriea. 

The subject of man’s antiquity in South America dates from the 
meager reports concerning the scattered remains in tlie Lagoa Santa 
wvea in Brasil, the casual Segiiin finds in the province of Santa Fe 
.Ugcntina, and the Moreno collection of old Patagonian material iri 
the I alloy of Rio X^, and u has assumed a special importance 
during the last dwade through a relatively large number of reports 
by ^gentiniM scientists, but particularly by Prof. F. Ameghino of 
mw finds of the remoins of aiicient man and of traces of his activities. 

>«‘cfpi^ted that, if corrobo- 
rat^, they would have a most important bearing not merely on man’s 

nn?th Ameriam Continent, but on the evolution 

nncj the spr^^d of indnknij. m 

Under these conditions, and in view of the fact that some of the 

a.j«^ full, 

C«1 details It was deemed necssar>- to send down compet^mTn 
who might subject the whole matter to critical revision. ^ 
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It is gTHtilring to state that on arriving at Argentina and explain^ 
iiig tlieir mission the Smithsonian nipresentativies were afforded by 
the Argriitinian OoTemment, na well as by the Argentinian men of 
science, alt facilities needed for the examination of the specimens pre- 
seired in various institutions, as well as for the prosecution of their 
field work. Professor Amcgliino and hia brother, Carlos, gave par¬ 
ticular aid, accompanying Doctor Hrdlifka and Mr, Willis person¬ 
ally for over three weeks along the coast from place to place where 
the supposedly ancient retimins were discovLU'ed. 

Tlie rese-arches occupied nesirly two montba. Every specimen re¬ 
lating to ancient man that could still he found was examined, and 
every locality of importance where tlie finds were made was visited 
and investigated. The evidence gathered, unfortunately, does not 
sustain a large part of the daitiia that have been made. The human 
Ijones and the archeological specimens which should represent geolog¬ 
ically ancient man agree in all important cliaracLcristics with tho 
bones and work of the American Indian; and the finds, while often 
in close relation with early Qiiatcrnarj' or Tertiary deposits, l>ear, bo 
far as observed, only intrusive rclntions to these deposits. Further¬ 
more, there aiw specimens the original sources of which sre not so 
well established tJiat scieittific deductions of great consequence can Iw 
safely drawn therefrom, even though they present some morphological 
peculiarities. 

IIjc expedition secured numerous geological, paleontological, and 
authropologicul specimens, some of which throw niiiclt light on the 
question of the antiquit 3 ' of the finds to which they relate. These 
specimens are In'ing identified and described in the N'ational Mii- 
seuiu. Doctor Hrdlichu and Jfr, Willis will present in due time a 
detailed report on their investigations. 

Following the researches in Argentina, Doctor Ilrdlii^ka visited 
several of the unihropobgically important localities on tho coast of 
Pent and made large collections of skeletal material, ivhich will help 
to settle definitely the racial problems of these regions, and will have 
an important hearing on tho anthropology of the western part of 
South America. 

Further explorations and collections, necessarily limited, were 
made by Doctor lirdlicka in Panama and Mexico, In the latter coun¬ 
try the principal results of llie visit were the ojiening, at the invitation 
of tJie Mexican authorities, of a highh" interesting sepulcher in the 
ancient mins of San Juan Teotihuacan, and the making of a series of 
casts from the remaining pure bloods muong the Ajttec descendants 
m Xocblmilco. 

The Argentina, as well as the Peruvian and Me.viean, collections 
have been transferred to the U. S. N'ational Museum. 
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ARCHES UObOKlNS PU>D. 

Fl^inff organs of hmcts anti hinh .—Under the direction of Pro¬ 
fessor von TjCndenfelcl, gf Prugue University, nldcd by a grant from 
the Hodgkins Fund, there iias li«n carried on for tlie past ten years 
investigations on the flying organs of various insects and birds. Some 
of the results of these studies have been published in the Smitlisonian 
Miscoliaiicous CoUcetiona in papers by Dr. E. ifnseba on ^ The struc¬ 
ture of wing feathers,” Dr. Leo Walter on The clasping organs at¬ 
taching Die iiind to the fore wings in hyrncnopteru," and Dr. Brunn 
Miiller ou “ The air saca gf the pigeons,” 

There was received during the past year and prepared for pre<a a 
fourth paper on “ The flying apparatus of the blow-fly.” 

Tlicsc investigntiorui were fostered by the late Secretary Langley 
with the hope that they would yield information useful to cnginccni 
and odters interested in the proi>lcm of flight, It was the opinion of 
the investigator that of all the form.s of insects, and indeed of all 
flying animals, the Diptera, such as tho blow-fly, funiish the most 
promising pattern for a flying machtne and that a working nuclei 
should bo built according to this pattern and exporintented with. 

Mount Whit nog Obsoroatoiy. —The construction on Mount Whit¬ 
ney, California, of a smalJ steel and stone house to serve as a shelter 
for observers and investigators during the prosecution of resenrehes 
on ntmospheriL: nir and other cognate subjects was authorized Octo- 
ijer 30, IMS, by an allotnient from tho Hodgkins Fund. 

'This sijot had been selected as an gl>servatioii point by the late 
Secretary Langley as fur bock os ISSI, and bad bwm vi^ted later 
by other scientific investigators, including Profesair Campbell, of 
the Lick Observatory, and Director Abbot, of the Smithsonian jLstru- 
physical Observatory, each of whom realiisied the unusual advantages 
offered by this mountain os a site for a meteorological and at¬ 
mospheric observatory. 

Before erecting the shelter it was necessary to build n trail to the 
top of the peak, H,502 feet above sea level, in order to transport the 
huildiiig material, supplies, and instruments. Jlany datigers and 
hardships wore undergone by the men wiio accomplislicd this work, 
but finally the trail was completed and the equipment packed up tiie 
mountain,’ 

The actual work of constTuction of the shelter was begun July 26, 
iOOO, when the firet pack train reached the summit, sud was quite 
completed by August 37, 11)00, when summer observations were 
begun by Director Abbot, of the Smithsonian Astrophysics I Observ- 

• A more (tetnifBl nowunt at tho wuri;. “A BUcJtet tot observers oo Mcuut 
Wbltfley,*^ by C. G. Abbot, was rnbllsliE'd Jiintinry 32, 3010, in tie Smltlisontau 
MlEcel[fttio°os Collectlg&B, toL f,2, pp, rtOD-SOS, 






OF THE SECEETAET. 


17 


a lory, nnd Director Campbell, of the Lick Obsservatoiy, who was 
engaged in n study of the spectrum of Mars. 

The croctinn of llie shdter has already proved a most beneheial 
imdcrtakitig, and it will undoubtedly serve for many years as such 
for obsert'atlon parties not only of the Smithsonian Institution but 
of other institutions desiring to benefit by the conditions and ad¬ 
vantages ofTcred to scientists by this csceptional location. Applica¬ 
tions for pemiission to use this shelter by scientific research parties 
should be made to the Secretary. 

Rtlation- of aivunphcric fliV to tubercolosh ^—In February’, 
the Institution offered a prisse of $1,500 for the best treatise on 
“The relation of atmospheric air to tuberciilofiis,’'^ to be awarded in 
connection with the International Congre.ss on Tuberculosis held in 
Washington in September of that year, but owing to the great work 
of translating, reading, and classifying the 81 papers submitted, the 
committee on uwmrd has not, as yet. made n final rejxirtj although 
much progress ib reported and the final ftiinouncemcnt is excepted 
idiorlly. 

Pullicathtm vndAr Uodgkhia Fvnd> —There was published during 
the year as a Hodgkins Fund publication a volume on Mechanics of 
the Earth's Atmosphere,” consisting of a series of 25 papere translated 
from the French and Gertuflu by Professor Abbe, and forming a con* 
nected treatise on that subject. 

Another volume issued at the cost of the Hodgkins Fund was an 
exhaustive bibliography of aeronautical literature compiled by Jifr. 
Paul Brockett, and containing titles of 13,500 papers on aviation in 
all languages published previous to July 1, lOOO. 

TIIK a MTTII SONIAS TAUt.fc AT THI XAPLES ZOOLOOlCAli SVATIOX. 

For over seventeen years the Institution has maintained nt the 
Naples Zoological Station a table for the use of American biologists, 
and the lease has been renewed for a period of three years from 
January' I, JDIO, at an annual rental of 2,500 francs. 

The founder and director of the statiou. Dr. Anton Dohm, always 
showed a most cordial spirit of helpfulness toward the Institution in 
ominging for its appointees, and it is with particular regret that f 
report his death, which occurred on September 2t>, 15)01*, At the re¬ 
quest of the Institution, the Deportment of State designated the 
American consul at Naples to reprint the Institution officially at the 
funeral. 

Doctor Dohm has been succeeded by bis son, Dr. Beinhard Dohrn, 
who has expressed his earnest adherence to the policies adopted by 
his father, and assures the Institution of his hearty cooperation dur¬ 
ing his administration. 
e757S‘'~4it leio—a 
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Ai(t^"UAL. REPORT SSITTHSO^^iATT INSTtTlTTlON ^ 1910* 


During the year the following -:\jiiericRii biologists; werfs appointed 
to tlio SmitliSDriiim Table: 

Prof. H. D. Senior* of the College of Medicine of Ihe SyracuHe 
Univenjity^ wlio continued his rcseurcbes lo the imgioblast of the 
trunk vn Teleofitg through stiuiies of tho origin of the circulation in 
Ampkicxiii, 

Dr. E. M. Strong^ of tlie Univemtv of Chicago* whowj work wasi 
confined to eome getieral studies; of ehromntophores, which occur in 
two species of Cephnlopods and in tliree ispccies of Crustai^. 

Dr* \Y. D, Hoyt, formerly of Johns Hopkins University, hut now 
of Rutgers College* whoso studies comprrijendetd the periodicity in 
the fniiting anti cultural experiments in nlternalions of gtj-nerntious 
of marine algsr-* 

Prof. Gharies I4* Edwards, of Trinity College, who conttuned bi-=^ 
investigations in the variations in S^fmipta and other holo^ 

thurisns. 

Profp Charles W* Greene, of the University of MUsoiiri, who 
worked on the comparative phydologj of fisJies. 

A p pi illations for future occupancy of the Table have been rereivetl 
during the year from Dr. S, B* Williams* of the Miami University, 
and from Dr. Sergius Morgutifi, of Har^^ard University'* 

The advisory committee on tlie Smitlisomari Table has, m always 
renih-red invaluable aid in tho examination of the credentials of wp- 
plicantri, and it k derired to here record the Tn.stittition*s apprecia¬ 
tion of their assistance. 

During the j*ear an iin[K>rtntit change in the personnel of the com¬ 
mittee took place. Dr. Jolui S. Billings^ who ser^ td for many years 
as its chairman* tendei^ his resignation* and it is modi regretted 
that a relatjoitship so helpful and agreenble has been thus terminated. 
The Institution h fortunate* however, in securing the cooperation of 
Dr, Carl TL Eigenmanut professor of zoology’ at the Indiami Univer¬ 
sity and director of the biological station maintained in connection 
with tliat establishment The present organisation of the cominittcc 
is ns follows t 

Dr. Theodore Gill, of the Smithsonian Tnatitntion, chairman; Dr, 
0, WnrdeU Stiles, of the Burcati of Public Heulth and Marinc-Hos^ 
pUnl ^rvice, s?™-ctnr>’; Dr. E. B. Wilj;qn, of the Columbin Univer- 
sity, Xew York; Dr, Carl H, EigenTuann, of the Indiana Universitv. 

PUBUCATIOKa 

The principal medium for cartying out one of the fundamental 
funtrlioiis of the Institution, “the diffusion of bnowled^," is through 
its publicntions. The Smithsonian Contributions to Knowledge tlie 
Smithsoman Jlisccllaneovis Collections, and the Smithsonian annual 


BEPOaT op THE SECHETAET* 


19 


reports now comprise r library of about 150 quarto and octavo vol* 
times covDriug practiCBlIy every branch of scientific knowledge, and 
if to these be added the publications issued under its direction by the 
Nationul iruaeum, tiie Btireau of Ethnology, and the Aslropbysical 
Ohservfltorj', the scientific literalura produced through the Institu¬ 
tion aggregates about 350 volumes, made up of several thousand 
memoirs and papers. 

Hie works i&ited at the expense of Um Institution proper are ncces- 
snrily in limited cilitiona, hut they are so distributed to the principal 
libraries throughout the world as to be available for general reference 
by nil who need them. The annual riC[>orts, the general appendix 
of whicli is made up of selected papers reviewing progress in scicu- 
tiiic wO'rk in nil its branches, is a public document, and through the 
liberality of Coiigrtsi is publiBhed in larger numbers than the otlier 
Siuitlisoiiian series, although the editions of tliis more popular work 
aro each exhausted soon after publication. 

In the series of Contribuiion-s, reserved tor original additions to 
knowledge, no memoir was issued during the year. 

Langley memmr on meckomsal Two memoirs by the late 

S^rctary Langley, entitled ^ Expteriments in .Aerodynamics " and 
*■ The Internal ITork of the IVind,” were printed in 18lU and 1893, 
respectively, us parts of volume ST of the v^mithsonian Contributions 
to Knowledge, utid several editions of each have since ijccn published. 
A lliird memoir, dealing with later e-xperiinents to December 8, 
1903, to bo entitled *' Ijingiey llemoir on Mechanical Flight,’* was to 
complete that voluuio. This work was in preparation ut tlie time of 
Ifr. Langley’s death in iDOCi, and the manuscript of the first part cov¬ 
en hg Lis cxpentiients clown to November. 189(5. had been written by 
him and partially revised for press. The further editorial revisiim 
of that part and the completion of part 2 to bring the work dowti to 
the Clowe of the experiments on December 8, 1903, was placed In the 
hands of Mr. Charles M. Manly, who had tor several j-eara been ilr, 
Langley’s chief asgistant in hk cxperiiuetits. The completed maiiti- 
^rjpt le now nearly ready for the press and it will [wobablv be pub- 
Iished withiii a, few njotitKs. 

It is hoped that later it raoy be practicable to have tabulated and 
published tlie U-Xtenaive technical data of observations of the work¬ 
ing of the model aerodromes and various types of engines, propellers, 
planes, and other apparatus with the use of the pendulum and whirl¬ 
ing-arm. 

It is of interest here to note that on Augiist ft, 1907 , n French 
aviator made a flight of nearly r>00 feet with a machine of the I.ang- 
ley type." ^ 

“ Recent ProjinvflB ta AvlattVD. By Octave Obatuite. In Jauma] Weaiera 
^tety of Englaeere, vol. IR. Na 2, ApriJ, l&iO. See aloo varloua FrencU and 
Italian emmautlcal periodicals glTlng aoiue delsiJs of tbese ctpcrimentB. 
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Mi^cdi^ncoit^ (/oIlr^Hom ^—^Thirty papers were added 
to the Miscellaneous Collections^ including a number of biological 
anti anthropologicnl articles^ and four volmoes of considerable 
on The Mechanics of the Earth^s AtmospherCj Landmarks of Botan¬ 
ical Hij4t4jr>'. Bibliography of Aeronautiss, and Recalciilaiion of 
Atomic IVeighLs, all of which are enumerated in detail in the appen¬ 
dix to this report. 

Among the papers published just at the dose of the year was one 
by Dr. F. IV. Clarke on ^Chemical denudation” and one by Dr, 
George F* Becker on the Age of the earth.’’ 

The Smithsonian Pliysical Tables have been revised and extended 
to bring the work within the range of recent advances in the science 
of phy'siesj and the new edition has l>een put to press. The several 
55eries of Smithsonian tneieorological, geographical^ physical, and 
mathematical tobies continue to Ik* in demand by students, and new 
editions are required at comparativdy frequent intervals. 

As mentioned on anoti^cr page, three papers have been added to the 
series descriptive of ray researches in Cambrinn Geology and Pa¬ 
leontology'. 

Uiimnian Alaskit —Arrarigcments are lieing made by 

w'hicli the publication of tlie series of volumes on the results of the 
Harrinian Ecientidc expedition to Alaska in 1SD9 will be transferred 
to the Smilhsonian Insliliition and tlie work will hereafter be known 
as the riarrlman Alaska series of the Smithsonian Institution. The 
remainder of the edition of the 11 volumes privately printedj as 
well as VDliimes in preparation, will bear special Smithsonian title 
pages, and all will be ilistributed under the auspices of the Institution. 

At'^ado/ial JfiiJKUrih puNtcaii^ns .—^Tlie Xntlonal Museum publica¬ 
tions during the year inrhided the annual report on its operatic 
about m papers, chiefly bjologicaL in the proceedings, S bulletins, and 
7 iHvranicnl papers in the serifts of Contributions from tike Xationul 
Hcrhariiim* The most elnborate of these works is Bulletin No. 7CI, 
devoted to the Aationiil Gallery of Art, by Assistant Secretary 
Richard Rathbun. This book reviews the history of the Ari Gallery 
and gives a catalogue of the collections w ith illnstrations of some of 
the most important paintings 

Bureau of Elhioh^ff.-—TW Bureau of AmeTiean Ethnology isiiued 
five biilledns during the year, including works on the unw ritten liter¬ 
ature of Hawaii, by Doctor Emerson* and ^^Antiquities of the Me.^a 
Verde National Park,” by Doctor Fewkes. 

jJociWy publicalhm. —The annual reports of the American His¬ 
torical Association and of the National Society of the JDaughters of 
the American Revolution were received from those organizations and 
communicated to Congress in accordance with their national charters. 
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AUotmmt^ f&r prtntinff^—ThE allotm^nts to the Institution oud jta 
branches, under the bead of public printing and bindings during the 
past fiscal yeer^ aggregating $72^00, werst as far as practicable, ex¬ 
pended prior to Hriine The allotments for the year ending June 
1911, are as follows: 

For tlie iSmltbsonlan luaUtiitloa for [trlntlaji an<] blDdlna anana] reports 
|]f the BoQTt] of RogtutK. trltli h^cnll appendlies.^_$10. nciO 


For the aDoual reporm of tbe Xm^annl MaB€!UCLi+ wltli geaeml anjfcen- 
dixra. Olid for prlntltiff labclw and blanks, and for thv hulietiiis and 
proceeding of tbe Nat Iona i Maneun], Ukn eclItiDria of wblcli ilia]l not 
exceod 4,00t} and blndlna^ In beilf turkey iir uuiterlal not nsore 

axpourilri,v ncletiHne hooka nnd parapleta jirc^ektecl to or acquired by 

llie NelloujiJ ^IcfuMun library__ _ _ ^t4*0O0 

For tlio anniml ruiwrttt and biillenDs of Uie Bureatl of American ElJi- 
uolDi^y, and for jntsifrcitnneons printing and hlndtii^ for tbo bumiUt 
LacladEo^ Uie hliullopi tb half liirhcjn or la oiaterlalnot iiiort.^ox|;>«asLtc, 

scli^tUlc liookit niul ptimpblots aciialred hy ibe bureau library_ 21,000 

For ujlsc^naueoua prlatJn^ nnd bliidliapi 

Iiitcrtiditlciniil Exebaages____ ___ . 200 

International CntMlo^u of ^lentlfie Llteraturp___.__ 100 

National Zoolcalcnl Park_____ 200 

Aotropliyalcal Obfi*?rratoiy ________ 2oo 

For the FtDiLDal report of the Atuerlcnn HisloHml Asaoclatloa_ 7. (kiO 


ADVlBUEtlr COMMITTEE OX PBIXl'IXG AND FCDLIGAllOX. 

The committee on printing and piibUcation has continued to ex- 
umine mauufsc'ripts proposed foe publication by tlie brujiches of the 
fuHiitution and has conakleml %'aeious qnestions concerning public 
printing and binding. Twenty-five meetings of the committee weix^ 
held during the year and 106 manuscripts were passed upon. The 
personnel of tJiecommittee is as follows: Dr. Frederick \Y. True, head 
cuiTitor of biology, United States National ILuseiimi chainnan: Mr* 
C- G. Abbot, director of the Astrophysical Observatory; Jlr, W* I, 
Adaios., of I hfi Intcnuitional Excbangcs; Dr, Frank Baker^ superin¬ 
tendent of the National Zoological Park; Mr* A* Howard Clark* 
editor of the Smithsonian Institution; ilr. F* IV, Hodge, ethnologist, 
tlie Bureau of American Ethnoli^; Dr* George P. Merrill* heat! 
curator of geology, United States National Museum : and Dr, Leon¬ 
hard Stejneger, curator of reptiles and batracbiaii-^* United States 
National Museum. 

TKK JJHiLVttV. 

The Smitliiionian Library as at present organized mcludes (1) the 
Smitlisojvian deposit in the Libraof Congress^ (2) the Smithsonian 
office library, (3) the library of the National Museum!, {^) the libmiy 
of the Bureau of Atnerkau Etlmology, (6) the library of the Astro- 
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physical Observatory, and ^6) the library of the National /ooluglcol 
Park. TJie Buiieau of Ethnoio^ Library, together with the bnsTness 
oftkes of the Bureau, was during thu past year transferred to the 
Smitlisonian building, where it is more accessible than heretofore for 
reference. 

The total additions to these several libraries during the year aggre¬ 
gated more tban 23,000 volumes, pamphlets, and serial publications. 

The libraiy of tlie National Museum, which Is fiiiljdivided into 31 
sectional libraries for the convenience of tlie several departments and 
divisions, now nninberH ,"19,300 volumes, Bl,SS8 imboiind pfl|>ers, and 
110 manuscripts, and the Bureau of Etluiology library contains 10,050 
volum^ 11,000 pamphlets, several thousand periodicals, and a large 
collection of nmnuscripts. 

The Smitlisoiiian deposit in the Library of Congress wa,-! increased 
by the addition of 2,G53 volimiea, 2,875 parts of volumes, 1,3DU pam- 
plilcts, and 623 charts, the total accesgion entriei% now having rejicbed 
the half-million mark. This library is becoming tmire and more val¬ 
uable as tlie sets of tnuiEiaclionB and niwiioirs of the learned institu¬ 
tions of the world and of scientific iieriodicals are each year made 
more complete. 

There was published diiriug the year a bibliography of aeromiuties 
prepa red by the assist n n 1 11 brarian. Ti i is work contains refcmicei to 
about 13,500 books or papers on that subject, most of which are avail¬ 
able for reference in ^HHbingtoti, the collection of aeronautical litera¬ 
ture in tiio Sniitbsoniau oJliee library having bccu grentlv increase in 
recent years, 

THU IJLNdt.EV MEDAT> 

In ineinory of the late Secretary Samuel Pierpont Langley and Ijis 
contributions to the science of aerodramies, the Bcwird of Tlegents on 
December 15, liXIS, established tlie Langley medal, “to be awarded 
for spcfdnily meritorious investigations in connection with the science 
of acrcdromics and its application to aviation.” 

As stiitefl in my last report, the first award of the medal was voted 
by the Board of Regents to Wilbur and Orvilic Wright, “ for advanc¬ 
ing the science of aerodromics in its application to aviation by their 
au(!ce^sful iiivesi igations and !iy their smwessful demoiiftniiions of the 
pmetkability of meelianica! flight by man," 

The brothers IVright were Linmcdiately communicated with In 
France mid accepted nn invitation to be present at the Board meedriE 
of February 10, 1910, to receive the medals in i>erson. On the date 
mentioned they were introduced to the Board and the formal presen 
tation was made. Dr, Alexander Cxreham Bell reviewed the pro^^resa 
made in the science of aviation by the investigations and experiment 
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of Professor Langley, culnunaltng on May 6, 1696, in the demonstra- 
tion that a model aerodrome heavier tlitin air could siip[X)rt itself 
ami fly under its owu power. Professor Langley tlius bourne “ tlte 
great pioneer of aerial flight.”* 

Senator Ix>dge made the formal presentation apeech, in which he 
said: 

It is peculiarly the characteristic of Americans to be pioneers; pio- 
neers across the great continent on wjjicii we live, pioneers bv sea, 
and now pioneetli by air; and to AVilbur niid Orville Wright, pioneers 
of what Doi^or Ijangley called “the great iinivetsul highway 
overhead,” who by their nchiex'ements hnve added honor to the 
American name and nation, we now present the fii'st I^ngley medal 
that the institution ha» conferred. 

After receiving the niednhi from the hands of tiie Chancellor the 
recipients expressed their great pleasure in being consideretl worthy 
of such distinction. Mr. \ViIbiir Wright called attention to the valu¬ 
able scientific! researches by Professor Langley in matters relating to 
the physical pro|>crlies of the air ami to the great importance of ex¬ 
tending these researches, particularly to determine the roefficient of 
air pressure; that is, the pressure of wind nt n certain .sp«d on n 
plane of a certain mze. 

As an indication of their early confidence m the successful solution 
of the problem of aerial navigation, the Wright brotlmrs .-iiid: 

TIh* knowledge tlmt tlio liea<l of tlie moat pramJneiit aclentlQe Institution of 
Anierten believed in Uie tfOiisibiiltr of Iiuuutn eight wm one of the laHueneea 
thnt Jed UB to euOertuke the imeUmhutr inVBrtlsntlcma tJiftt ptweded onr netlve 
work, lit" tecounueudod to ub the booka wbleli euubJed tis to form sane Idija^ 
at the outset. It was a helping hand at a criUcaJ time, uud we ehall alwaje be 
ffrateful. 

t^LXCiLETT klK^tOKtAtj TABLET. 

In accordance with u rci^hition adoptetl by the Board of Hegeiits 
on December J5, I'JOS, designs have been prepared, and an; under 
consideration by u special committee, for “ the erection in the In.'iti- 
tution building of a tablet to the memory of Secretary Langler. set¬ 
ting forth his services in connection with tfie subject of aerial navigtt- 
tion.” Tilt! committcG^s recoinmendations are that the tablet !» mod¬ 
eled in broriiw in low relief along the linea of the work of St. Gaiidens, 
to contain a bas-relief of tlie bust of Mr. fjmgley, and that in the 
background there be represented a model of the Langley iierodronie 
in full Qight, with the date of its first flight. The tablet is also to 
bear the lettering “Samuel Pierpont Langley, I8a4-ID0C, Secretarv 
of the SinllliBonian lustitution, IfiST-lfHMJ ” and to lieor also the text 

®Tbe full adilrtnisea by Lhictea' t!«lt flail others on this pctmaton will be 
pHuii'd Id ih^ of the Buunt to CbnEr^uciL 
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of what is known as Law as to relation of speed to power 

in aerial motion, as follows: 

Tlayse new experiiiieats (aad tljeofy also wliea rlowcd tn their ll^t) abow tluit 
Lf In fFueb netitk} nmslciiit there bo glvon u plane of flxed aize nuU welj^bt, luellned 
ut audb HP and tnored forward at suoli a ei)€oc 1, Uiat \t ebiill be sniRtBlned 

|[i hurl-^onial fkigbt. thou ibo aioro mplil tbo motion Is, tbo lois will bo tbe power 
required to aud adrmice it 

coilMIf?SION ON 5tOOlX)OrCAlx NOHENCIATHRE. 

An International Cominisc-ion on Zoological Xonienclatui^, con¬ 
sisting of five members, was appointed in 1B95 b\" the Third Interna- 
tiimal Zuologicul Congress, held at Leyden^ Holland, for the piir|x>se 
of studying the various codes of ncmEiiclature and to rc[»rt upon tlie 
same at a later congress. At the congress at Cambridge^ England^ 
in 1€98, the commLssion was made permanent and increased to fif¬ 
teen menibers. At the Beme Congress, in l£l04, the commi^ioners 
were divided into three chtssea of five, each class to serve for nine 
yearn* 

Committees on noTnenclntuce, to cooperate with the InternatioriA] 
Cominis-don, have been organized in the United States by the Ento- 
mologiciil Society of Amerioi, the Association of Economic Ento¬ 
mologists, the American Ornithologisis’ Union, and the Society of 
American Zoologists. 

A code of nomenclature was adopted at the Berlin congress m 1901 
and wa55 amended at the Boston congreis^ in 1D07, Prior to the Boston 
congress a desire hod deveiojDed among g^logists that the oommission 
fihotild $crve asi a o^nrt of interpretation of the codcj and in accord¬ 
ance therewith the commission presented to the Boston congress five 
opinions, which were ratified by the congress. 

Since llie Boston meeting i\ number of questions on DomenclaturB 
have Iseeu saUmItted to the commission for opinion. Owing to the 
amount of time consumed in cominiinicnting with the fifteen commis¬ 
sioners it was itnpossible to act promptly upon llie^ case«, but in 
T>cceml>ert lOC)f&, tlio Smithsonian Institution gave a grant to provide 
for the clerical work for a perical of tliree years, and since that time 
it has been possible to render the opinions more promptly* 

The commission has no legislative power. Its powers are restricted 
to sliulying questions of nomenclature, to reporting upon such ques^ 
tious to the international congre^, and to rendering opinions upon 
cases submitted to it. 

The Smithsonian Institution has also undertaken Uie publication of 
the opinions of the comtuii^ion for a limited period aud their distribu¬ 
tion to important libraries and to zoological specialists throughout 
the world. The first issue of these opinions was in press at the close 
of the fiscal year and Included opinions 1 to 25, covering several 
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important questions, lualdiig a pamphlet of 61 In connection 

with the siinvinarT of each opinion there is given a stiitejuGnt of ihe 
ease and the disenssion thereon bv the members of tlie coimnission. 

The coEomi^iou has i^ed the following rules to be followed in 
suhmittiiig cases for opinion: 

<l]i The ronunlBelon fioea not undertake tu act iia a MblltJuraphlc or Domcncla- 
turn] biireiku^ biH mther os an ctdvipcr Sn eonncctlon witJi tbe niote dldirult nuil 
disjntteil caeea of notneuclaturfe 

(2) All subtnUli*d sbctik) bo tiled by <a> o eoneJse atotemeDt uf 

tbe t»oiai at <6) the full arpmicnts on botb eiJes \u case ft dlfipotod point 
la tuvolTcdr nnd (c) complete and esnet blbUo^roldUc reference^ to ererj bonk 
or nrticle bofirtni: on the point nt iFsue. 

The more complolO the data when the case Is submitted, the more promptly 
CQD It he acted upon. 

(3J Of aeceBsity, enees submitted with l□campIere blhlio^mpbJc n-ferenees 
Cffld not be studied^ and must be returned by the eommlsslou to the ^der. 

(4) Crises upon ivMeh on oplnlun 1ft desired may be sotu to any member of the 
conmitasJoD^ but— 

(a) In order tlmt the work of the commlsstDu may be condneU as much as 
))OEUfthle to the mure dtlhcult iind the dlKtmted It Ift tif^od that zooloelftts 

study the code and settle for themselves a s tuftny ctis^ ft ft jjoftsible. 

INTKliXATtON^AL CONGRESSES AND CELEBRATIONS. 

0&ngr{*it^ of AniericanMs.^The Instilution w^as represented at 
the SeTenteenlli Internationil Congress of Americanists held at 
Buenos Aires, May 16 to 21^ 1910, by three delegates^ Dr. Ale& 
llrdlieka, of the United States Xational Museum^ Mr. Bailey Willis, 
of the United States Geological Survey; and Kev, Charles Warren 
Currier, of thu Catholic University of America. Doctor Hrdlicka 
reports Uiat I lie meeting was very well attended, particularly by 
delegates froni the various republics of South jimerica. There ivere 
read nearly fifty papers, mafi}" of them of considerable intert«>tT and 
related diielly to the natives of South Arnericiu Mr. Bailey Willia 
presented a nommunjcation on ^'Changes in the geological environ¬ 
ment during the Quaternary periodj'' and Doctor Hrdlicka gave a 
resume of tlie present know ledge on .Artificial deformation of the 
human skull^ with special reference to America.” 

The Institution also appointed Dr. Ale5 Hrdlicka its representa¬ 
tive at the second meeting of the above congress to he held in the City 
of Mexico, September T to 14. 1910. 

Upon the suggestion of the Smitlisonian Institution^ the Depart¬ 
ment of State designated Doctor Hrdlicka^ Mr, Willis, and Dwtof 
Currier as representatives of the United States at the above con¬ 
gress nt Buenos Aires. 

GeoJoffical Congress .George F* Becker, of Die United States 
Geological Survey, was designated as the representative of tlie Smith¬ 
sonian Institution at the Elevcath International Geological Con- 
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grcss at SiQckliolm, SwwJcn, in August, 1910. A paper expressing 
ray Tiew oti “The abrupt npjwnrfince of the Canibriati fauna*' was 
prepuretl to bo rend at this congress, 

InUmatioml Amar^c^n Sdtntipc Congrtts. —^Mr. BaiJey 'Willis, 
of the United States Geological Surrey, was appointed u delegate in 
behalf of the Smithiionian Institution to iLe lutertifliloita) American 
Scienlitic Cntigress to Im held at Buenosi Aires, July 10 to i25, 1010, 
on the occasion of the Argentina renleiLninl. 

Cmfjtet» on <3rni7Ao/opjf.—Jlr. William Duteher, president of the 
Xational <V.ssocialiou of Audu1>on Societies, was designated as the 
r«!pr&ieJitati%‘e un the part of the Smitlisoniati Ini^titntion and United 
Statm Nfttioitnl Mtisctitn at the Pifth Tnternattotin] Congress on 
Onikhotogy held nl Berlin from May 30 to .lune 4, lOlO, ntid upon 
the nomination of the Institution Mr. Dutcher waa also accredited 
h^' tile Department of State us a delegate on the part of the United 
States to that congress. 

congreM ^—The following gentleinen were designated ns 
delegates to represent the Smithsoninu Institution and United States 
National Museum nt the Eighth InternAtlona] Zoological Congress 
to be iield at Graz. Austria, from August ITj to '20, 1910, and the De¬ 
part men t of State designated them as delegates on the part of the 
United States: Dr. Cluirfe IVarddl Stiles, of the Public Health 
and Marine-Hospitnl Service, and custodian of Helmifithological 
Coliccttons in tlie National Museum; Dr. Henry llavtland Field, an 
.Viuericaii naturalist and director of tin- Concilitiin Bibliographicum; 
Dr, William E. KelliooLt, professor of biology in Goucher College, 
Buliimore; and Mr. Austin H. Clark, Assistant Curator of the Dii-i- 
aion of Marine liiverlebnilt-i. United States National Museum. 

of /fofany.—Dr. Frederick V. Coville, of the United 
States National Mwieiim. and Dr, Joseph C. .Vrthiir, of Purdue Unt- 
veraity. were designiitwj as representatives of the Smithsonian Insti- 
liitinn to the Third Inteniattonal Congress of Botanv held ut Brns- 
MsJs .May 1+ to 52, IPld, 

Atroiuiutieal AVpoAfb'opi.—Tile Institution was invited to exhibit 
sonic mmlrls of tlie lAUgley Hying niaeliiDCS at an aeronautical ex* 
petition at Frankfort-oti-tlie-ilLiin July 10 to October 10, 1909, but 
it was imprarttcable to do more than tend a series of photographs of 
the model machines in iHghl on May G. 18%, und August 8, 1903. and 
gorm- views of the ftiibsiw aerodrome on the launching wavs near 
Virginia* 

inaugHratioo. of Prendinf /.wc/f.—Tlie President and Fellows 
of Hitrvurd College invited the Smithsonian ItLstitiitUm to be repre* 
sented by a didegate at (he iiiauguration on October 9 and 7 1909 
of Lbboii I^wreneo I^owcl), IJ.. D., as the twcnty*fourth pr^ident 
of Harvard University. It was my pleasure to attend the ceremonies 
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fit Cambridge es such dclegiite and to presetit in Engr{!igscd fora the 
greetings and corigrutuUtions of Uie Tnstitiitioii. 

Univemty of Oviedo .— The InEtitulion received from the Uaiver- 
sity of Oviedoj Spain, n copy of an address and a medal commemora¬ 
tive of the third centenary of tliat university. 

/^m^n Mnto^molo^kol —The Institution found it to be im¬ 

practicable to send a delegate to the tiftieth anniversarj' of the found¬ 
ing of the Entomological Society of Euista at St Petersburg starch 
llj lillOs but forwarded its foimnl congratulations and good wishes. 

Oonferef^^ of IQ^roriam* —Mr, Paul Brockott* assistant librariati 
of the Institution, was authorized to accept the invitation of the 
secrctaiy of the fnstJtut International de Bibliograpbie to take part 
in and become a member of the Congrfes international do Bihlio- 
graphie et de Documentation to be beUl at Brusselsj BelgiiinL August 
25 to 27,1910, and ho wag also desiguated to represent the Imslktitlou 
in the CoiigiSw ruiemaiionfil di^ Arduvirites et Bibliothfcaire^i 
at tlicsame place on August 21* to 31, I9i0* 

MT^OEIJ^lXEOU^. 

OeoTi^e Woi^/iin^tcn AfemoHoi — At the February ineeLing 

of I he Board of Pegenls I spoke of the movement of tlie George 
WE-^^hington %!emorittl AssiKiiation to erect in Washington a niemorini 
building, which wonld be used as n center for the scienlific, Illemiyj 
patriotic, and educational n^ocktions of the country- It is believed 
that such a building would afford a much-iuH.Hlcd relief to the present 
crowded condition of the Smithaonian building, resulting in part by 
the accommodations offered to the Kaiional Academy of Sciences, the 
American Asswiation for the Advancement of Scienre, the American 
Historical Association, and others. 

The proposed building would l>e erected by popular subscriptioiu 

Ptvsey^eotiafi of —Under the re<|uii"emeiits of 

law {act of June 8,1000), tho Institution has conliinu'd its eunaiilcra- 
tion of appLicaliojis for permits to make archeological excavations or 
collections on the public domain of the United Staieo, including 
request:^ for rtscarclies in the Aleutian Islands Arizona, Xew Ifexico, 
Utah, and California. 

Gifu ,—Among the gifts to the Institution during the year special 
mention nmy he made of the V. Hart llerriiiTn rollection of f^SOO 
specimens of akiiLs of mammab and aljout 6,000 skulls including 100 
full akulls of mammals and skulk of j^ak pn^s^mted by Mrs. 
Edward l U Harriioan+ 

"^J^ditionul gifts by Mn Fn'cr and others are referred to In con- 
necrion witli the National Gallery of Art. 
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NATIONAL MUSEUSI. 

A ^mmary gf the operations of the Natianfil Museum is given as 
usual in the appendix to this report and full details uru set forth by 
tlie Assistant Secretary in a separate volujne, and need not tircrefore 
be fuiiy treated here. « 

jiVctff buHtling .,—At the close of the year the exterior of the new 
Mitseiim Luilding had been praetiesUy completed. Si’veral months' 
work, however, renmined to be done to dnish the south pavilion or 
rotimdn. Provision has been made for the improvement, of the 
grounds immediately about the bnilding, including granolithic roads 
and walks, grading, and readjustment of roadways. 

The Iruu-Hfer of collections, laboratories, and worksliops to the new 
building has progressed as rapidly u-s practicable considering that the 
floor area to lie p^<^^'ldc4l with furniture and other new et^uipment is 
about 10 acres. 

The eolleetioiti; of tiic National Uallery of Art, as mentioned below, 
were transferred to the niiddle hall of the new building and opene^J 
to the public in March, and in connection thetewith some of the 
more interesting ethnological groups and historical exliibibj were 
installed in die surrounding hall iind adjacent rajigcs. It was not 
practicable to open any odier portions of the building to the public, 
although more than half of the natural history colJeetions, Ijoth re¬ 
serve and e.vhihition, had been transferred to their new quarters. 

Art ifjttilcg .—The removal of the paintings from the old budding 
Las afforded more ample space for the display of the art textiles and 
fabrics, consisting of kceo, embroideries, tapi'stries, brocades, and 
velrets; also fans, cncimeis, porcelains, jewelry, etc. As mentioneil 
ill my last report, tliese ubjrets were brouglit together at the sugges- 
tion of Mrs. iTames W, Pincliot, who has given personal attention 
to their collection and arrangement. 

.'tcwwwfUF,—The additions to the Museum during the year aggio* 
gated £170,1008 specimens, as compared with 250,000 in the year pre¬ 
ceding- The most noteworthy collection of the year wtis several 
tliousnnd, specimens of miimmnls, birds, reptiles, batrachians, and 
other aniiBuls, besides several thousand plants, received from the 
Smithsonian African Ex[jedition under the dircelion of Col. Theodore 
Hooseycll, more fully referred to on another page. Other important 
accessions in llie several departmenta of llie Museum are enumerated 
by the Assistant Secretary in the appendix to the present report, 
Aljfmt 800,000 entomological sp^imena, received from the Depart¬ 
ment of Agricultiire, were varieties of beetloa and other insects injuri¬ 
ous to forest trees, which had been accumulated during investigations 
by the Bureau of Entomology. 
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of specimens .—The Museum has taken a special inter¬ 
est for many years, to ns great an e intent as appro priaticins would 
[>crmit| in the prepamtioD and disttibution to educational establish¬ 
ments tliroiighouL the countrj' of series of duplicate specimens per¬ 
taining diiefly to natural history. During the past year about 0.000 
such specimens were distributed. 

iVaiional IJerburinm.. —The removal of the archeological collections 
from the large upper hnl3 of the Smithsonian building hns afforded 
an opportunity for furnishing adequate qnnrters for the National 
HertMiriiim, which for many years has occupied crowded arid Tin^ait- 
able space in the galleries of the National 

Gr&icth of —The national collections have so increased in 

size and value as to make them comparable with the similar collection^ 
of the greater European countries^ and with the ociciipation of the 
new hnilding they may now be housed and arranged in an Appropriate 
and convenient manner. This expansion^ however, involve'* a much 
greater annual expenditure than Ijeretoforej the larger portion of 
which is called for in connection with the exhibition hallj?, maintained 
for the benefit of the public. The extent of these halls Inis been 
about trebleih thus offering an opportunity for the preparatioii and 
mounting for display of many additional s[>ecijnens, a work that will 
Ije pushed as rapidly as available funds will permit in order that the 
operations of the Museum may be commensurate with their impor¬ 
tance to the piihlie interests and to is^ience, 

THE KATIOXAt. fJ.^yJxERY AHT. 

As Stated in my last report the collFcticui^ of the National Gallery 
of Art had then so increased that they could no longer all be accommci- 
dated in the old National Museum building, and Congress having 
failed to authorize the adaptation of the large IsaJI of the Smithsonian 
building for their proper exhibit ion. it had become necessary to make 
prepsirntions for their display temporarily m one of the halls in the 
new Museum building. The space selected was the central part of 
the middle hall, M feet wide and about J^iO feet long^ writh a central 
skylight. Screen walls were constnictcd. ilividcfl into seven rooms. 
An informal opening of the gallery waii held on ^fnreh 17^ 1910, which 
was Iiirgely attended. 

The collections were increased during the year by the further gift 
from Mr. M’illiam T. Evans of SS paintings and 1 fire etching on 
wood, and by & considerable number of loans from various indt- 
viduals. It became necessary at the c]of?c of the year to make prepara¬ 
tion for extending live limits of the gallery so as to include the entire 
space below the skylight in the middle ball. 

The history of the gallery and a catalogue of the collections was 
published during tbo year in a Tolume of 140 pages as Bulletin No. 
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70 i>f the National MuBctitri. Tliis wju* prepared by tlie Aj^istant 
Secretary, Dr. Richard Rathbun, who has been Tnwt aniuoqs in his 
efforts to promote the jrallery’s growth. 

On tlie occasion of the first annual convention of tile American 
Federation of Art, held in Waahington May 17-19, 1910, T had the 
p]casui:« of presenting a brief account of tlie National Gallery, and a 
private view of the collections was e-vtendcd to the mcmlMirE of the 
i^n vent ion and friends on the aflenioon of May 17, 

The subject is of sucli Impoi lnnce that it seems proper here to recall 
in a gerierBl way tlie origin of the gallery and ita present condition and 


In 1040, while the tiuestiou of what should lie done with the Smith- 
son liequest was under consideration in Cibn|^‘ss, a few gentlemen 
orgunLted the National Institute, which was in 1040 incorporated by 
CongrcL^ for a term of twenty years, ut the expiration of which its 
coilectioiis were to bo transferred to the Government, Tliis institute 
collected a few works of art, which were subserpiently transferred to 
tho Smitlisnnian Institution. 

The act of 1046 creating tho Smitiisoniau Institution provides 
that all objects of art belonging to the United States which may be 
in lha city of M astiirigton .shall be delivered to sudi persons os innv 
be uuthorliectl by the Hoard of Regents trt receive them nnd that tliey 
slinll lie arranged and claissified In the building erected for tho Insti¬ 
tution. 

In 1849. tmiicr the authority of the Regents, Secretary Henty pur¬ 
chased the Marsh collection of engruvings and works of art. 

In 1858 the collections in the Patent Office Miisetmi were turned 
over to the MmitliMnian Institution, and in 1802 the collections of 
the Nntionol Institute were transferred, on the expiration of its 
charter. These collections included a few paintings of merit and 
Huntin’ uri ofajeets. 


In 18*9 the Gatlin oolleelioti of Indian paintings was presented 
to the Institution by ilra, Joseph Harrison, of Philadelphia. 

A fety sddition.s were made from time to time up to 1&06, hut thev 
were ndntively of little importance, ami, with the collections alreudv 
m hand w^re scattered about in the Sraitlisonian building and tlm 
>allfinal biiildiEgcreclf^d in 1^79. 

In 1903, when tlie will of Harriet Lane Johnston was presented 
for probate, it was found that she had bequeathed her entire collec- 
tion of paintings and art objects to the Corcoran Gallery of Art 
under certain specific conditions and subject to the provision that’ 
riaUoiia] art gallery- being established in the eitv 
of Mnshington they ^ould be transferred to the said Nations! Art 
(rallety and become the absolute property of that ^llerv. The Cor¬ 
coran Gnlleiy declined the bequest under the conditions, and the 
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executors of the Johnston epfnte osfeetl the courts for a coustruetion 
of the clause In the testumcril providing that the collection be given 
fo a national art gallery. This suit was liJoil on February 7, 1005, 
in the Supreme Court of the District of Columbia, and by an order of 
tlie court dated July 18, 1000. the collections wei'c delivered to the 
Smitbsoniaji Trstitution on August 3, IDOfi, the court, deciding that 
there had been established by the United States of America in the 
city of Washington ii national art gullery wUbin die meaning of 
Harriet Lane Johnston’s will. 

In 1001, Mr. Charles Ij. Freer, of Detroit, olleml his art colI«!tioii 
to the Smitlisonian Institiilion, under specified conditions, 

and also offered to furnish the means for erecting, after his dcaih, a 
Suitable building to receive the collection, nds colleidion was for¬ 
mally accepted by the Regents of the .Sniithsoniaii Institution in 
IM6. It includes more than 2^,50 objects, including paintings in oil. 
water color, and pastel, drawings and sketches, etchings and dry 
points, lithographs, oriental pottery, and other objects. 

The action of Harriet l^ne Johnston and Mr. Charles L, Freer 
called the attention of nil interested in art, to I be fact that there wns a 
national gallery, and tliut under the care of tlie Smitlisonian Institu¬ 
tion it was making conservative and s.Ttisfactory progress. 

In March, 1007, Mr, M illiani T. Evans, of Montclair, New .Tersev, 
announced to the Institution his desire to contribute to the Xntioiial 
Galley' 0 nuniljcr of paintings by contemporary Americnn arLists of 
establJslicd reputation. In Iranstnitting the first installment of 
paintings, ho wrote: 

I Iiave CTery reason to behove thitt you will like my selections, but abonld 
uny of Uk exaiaptea not hold well, oibers can he BiibaUliUtsd, as it i» my deHlre 
to every jHfbst ropretented at Ills bcsl. As alr<auly inthurtfed. I intend 
tint the (iicftfut sift may not bo consMcml ns Onul, .tdditiDQS may bo (nmlc 
rrom Hnjc to dme as opiitirtunltlea occur to secoro etcoptlotiol wcrliSL 

Fifty paintings were enumerated in the list, which accompanied 
this letter. Up to June 30, 1010, Mr. Evans had prcsentevl 114 
selected paintings, representing 80 artists. These, with the paintings 
filrepdy in the posscsaiori of the Institution, bring the exhibit now 
installed m the large hall of the new Muaeum building to more 
than 160. ** 

The worldwide interst In the National Galletr has been increas¬ 
ing rapidly during the past three years, and we believe, without ques¬ 
tion, that the collections will grow quite as rapidly as facilities can 
bo provided for their proper instaUntion and exhibition. The col¬ 
lection, including the Freer collection, in particularly strong in pic¬ 
tures by American artists, .ind it is well that it should be so. in order 
that It may have a strong national tone. The Harriet I*ane Johnston 
collection has given the Galiory fine examples of several of the mas- 
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ter? of Europeftn art, and we hope that this feature will be strength¬ 
ened from time to time as the years go on. 

Tile Charles L. Freer collection eontains many beautiful painting? 
bj' Try on. Dewing, Thayer, and the unexcelled series of ^Vhistkr 
paintings, pastels, drawings, and sketches; also the beautiful Pea¬ 
cock room. In oriental art the collection representing Japanese and 
Chinese paintings from the tenth to the nineteenth century can not l>c 
duplicated in any single gallery in the world, and the irronzes and 
pottery are beautiful, and to a largo extent unique and of great histor¬ 
ical and artistic value. 

The question of a suitable building for the great Freer collection 
has beeti happily settlial by Mr. Freer, h«t we still Imve to consider 
the problem of properly housing and exliibiting the collections now 
in the new naiumi history' museum building, as their present instal¬ 
lation is of a temporary diameter. 

I have hope that some of our strong men or women who have tlie 
means will see the great opportunity that is now offered to present to 
the nation n suitable building tliat will be an epoch-making incident 
in the development of national art and a tnoniintcni to the culture 
and patriotism of the one so wisie us to take advantage of the oppor¬ 
tunity. 

The American people, ns represented by Congress, hove just pro¬ 
vided a ipige and beautifiil building for the collections of nuluial 
history, and in due time it is expected that Bufficient inh^rest will be 
taken in the art collections of the {ioverninent to provide a suitable 
homo for them. This, however, is not to anticipated in the imme¬ 
diate future, although the collections now in hand and what will be 
inevitably received if accommodations arc provided for them will 
make n most crcditulde showing. 

1 have betm frequently askerl what effect the development of a 
national uH gallery would have upon the Cdrcoran Gallery of \rt at 
IVashinglon, and in rE3pon.se I have quoted the effect of the estab¬ 
lishment of the Lektid Stanford University, in California, upon the 
State University of California, Prior to the estsbliahment of the 
Lolaiul Stanford Uni^rsity the State Univcisitv was a ivlutively 
smat affair. Its friends, realking that they must approach the 
standard set by the proposed new universihr, at once cast about for 
strong leaders nnd strong men for their facultv, and the result in a 
few year? was that California had one of the groat research universi¬ 
ties of the countiy in the Wand Stanford and one of the great stale 
umvereities, with thousands of studenfe. The Corcoran Gnllerv 
wi^ Its splendid hiatoryj fine bnildlag, and beautiful collection of 
paintings and statuary, has an international fame, and will grow 
stronger and more rapidly under the stimuliia of u greater art inter¬ 
est, caused by the development of the national gallery. One will 
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mipplement the other, anvorie visitiDg Wfi^biiigton at all iiiter- 
uffted in art will be obliged to visit both. 

The moat sincere and hearty cooperation has edsted in the past 
betw^ien the two institutions, and it will continue m the future, the 
only rivalry being that each will endeavor to hold to a higher standard 
and uplift the art ideals in America, 

In order to insure the nmintcnance of the galleiy at a proper stand¬ 
ard there has been orgiknhtd a permanent honorary committee of men 
competent to pass jiiilgment on the quality of sneh works of art m 
might be presented for acceptanre by the galleiy and who ure also 
so identified with the art interests of the country jih to assure to the 
public and especially to the lovers and patrons of art the wholly 
worthy purpa-^e of this tnovement on behalf of the nation. This 
advisory committee is constituted n$ follows: 

Mr. Francis D* Jlillctt, president: Mr. Frederick Cmwninshieldj 
ixipresenting the Fine Arts Federation, of which he is president; Mr. 
Edwin IL BlashiieldT reprewnting the National Academy of Design; 
Mr. Tfcrbert Adams, representing the National Sculpture Society, of 
whiah he is president; and Mr. WiUiam H. Holmes, of tlie Smith¬ 
sonian Institution, secretary of the committee. 

BUREAIT OF AMEKICAN ETHNOLOGY. 

The Bureau of American Ethnology has in the past accomplished 
much in its study of the habits, customs, and beliefs of ihe American 
aborigines. The results of tbesse researches have in considerable 
meagre been permanently recorded in annual reports and bulletins 
that contain a mass of valuable information on aboriginal arts ond 
industries, forms of government, religious and social customs, lan¬ 
guages, and mental and physical characteristics. Although a large 
body of material still awaits final study and arrangement and much 
remains to ba done both in field and office work, yet the investigations 
of the Bureau have reached such a stage as to render it po^ible to 
summarise some of the results in the form of handbooks designed 
especially for the use of schools and nonprofe^onal students. The 
demand for the handbooba already issued or in preparation has been 
very large, 

Tlic Indians form one of the great races of mankind, aud the 
world looks to the Government for all possible knowledge that is 
still available eonceruing this race before it shall have vanished by 
Bssimilatiou in the great body of the American people. 

The Bureou has likewise done much in the exploration and pres¬ 
ervation of antiquities, espccdally the prehistoric ruins in the south¬ 
ern Rocky Mountain region, and will cx>ntinue work in this direction 
and press it more rapidly while there ia still opportunity to save them 
e757S'’—ea ll+U)-iS 
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fraiii VHti(]n.li^]ii Sind tn ptenevve them for tbe benefit of fiitnrc gen- 
erntions. 

There is present need of ethnologic^ reseiu'ches among the Lribail 
reninntits of the Mis^ssipp! basinj amce the opportunities for making 
and preserving n pernianent record of the aborigines which played 
such an important part in the early history of the Middle West are 
rapidly passing. 

Ethnological researches should oko be made in tho llawtviian 
Islands and m Samoa- Little reliable information regarding the 
etlinoio^' of these insular pois^ssions has bean recorded, and it is 
hoped that CVingress may soon provide the means for initiating among 
their natives rescarrhes of the same general diEimeter m those now 
being conducted among the American Indian tribes. 

The various lines of ethnological studies carried on by the Eiireau 
during the past year arc pre^nted in detail in the nppenctii to the 
pnsrcni report. 

The removal of some dirisrions of the National Aluseum to the new 
Museum building afforded an opixprtunity for the transfer in Decem¬ 
ber hist of the nflicea and library of the Bureau of American Elli- 
oology from rented quarters to the Hrnitiisonian building It was 
found desirable at the same time to reorganize the office foree^ Mr. 
Holmes, Chief of the Bureau for several yenm, having resumed tho 
office of liead oiirator of the Department of Antiimpology in tlic 
National Museum. 

With a view to economy in the transaction of the routine business 
of the Bureau* much of the clerical and all the laboring work was 
concentrated by placing the routine oorrespondence and files, the ac¬ 
counts, the shipment of pubHcntiooe^ and the care of supplies and 
other property m immediate charge of the office of the Smithsonian 
liLSthution. It was thus found possible to render a larger proportion 
of the Finnual appropriation available for re^warch work. 

iXTERNATrOXAL EXCHAXGES, 

Several additional governments have entered into the immediate 
cxcliange of their parliamentary records during the past ycarj 26 
countries now taking part in this exchange with the United States. 
A list of the countries to which the daily issue of the Congressional 
Kecord is s^nt will lie found in the apjiended report on tlie exchanges, 
Tlie Institution is still in cortespondence with other governinent& re¬ 
garding dlls immediate exchangCj and from time to time additions 
will no doubt be made to the list of those countries participating. It 
may be slated, in this connection^ that the exchange here alluded to is 
separate and distinct from the exchange of official doemnents which 
has e.visted between the United States and other countries for a num¬ 
ber of years. 
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While the niinilwr of piit:kagri?s lm^l^^l€d during the pus! )'^car Tvjis 
7,255 less Uian during the precetling twelve monthst there wns n gnin in 
weight nf 3,515 pounds. The niinib<-r of purkuges passing tlirough 
tl^e service 221,625, and the total weight 434,6^4 pounds. 

The total available resources for ciarryitig on the system of 
changes during 1510 amounted to ¥36,046.71—^13,200 of which wen; 
appropriated by the Congress and $4,446.71 were derived from ex- 
ohongG repuymejits to iho Instihition. 

His Imperial Japanefie Majesty^s residency-gene ml nt Seoul Imving 
n'Jiisented to net the e.xdiange intermediarj' l>etw'eeti Korea and the 
United Slates, Ihe intermpted eschanps relationi? with that country 
have l>een resiiincd. 

Under the exchange iimmgv^mentH enten^d into in 1B58, through 
the lni|T<uial Academy of Si^iences, in Vienna, with the Statistical 
Cc'ntrtil Commi^on* it has lieen iiecessniy for the Smithsonian Tnsti- 
iution to Ix^ar all the expenses for freight on ttinxignments both to 
and from Vienna, The government of Austria lias now ^tigiiifieil its 
wullingniTSfi to assume its share of the cost of conducting the e.tchanges 
Iwtw^een I he two countrit?^, and in the future tlie 1 institution will, 
therofore, lie relieved of this extra burden upon its resources;. In 
bringing this matter to the attention of the Austrian Government^ 
the Instittjtion has had the as^istitnce of the presidents of the Imperial 
Am demy of Sciences and of the Statistical Central Commission^, to 
both of whom thunks are due for their kind cooperation. 

During tha past year the Institution diRcontiniied sending ex¬ 
change packages to correspondents !>y registered mail. This step was 
taken with a view to reducing the work in the exchange office and also 
to relieving tlie Post-Office I^partment of the extra expense involved 
in handling the large amount of registered matter sent out by the 
exchange. 

There Avere 075 more correspondents on the records of the exchange 
oGit:^; than at the close of last year, the total now being tlS^GOo. 

Tlie circular containing the exchange rules has been revised during 
the year and a new’ e^Ution printed. For the information of those 
who may wisli to make iisc> of the facltities of the service, the circular 
is gi ven in full in tlio report on the exchanges. 

Germifik of —As has been mentioned in previous 

reports, tlic Gorman Government has never undertaken the disirihii- 
tion of exchanges between Gcnimny and the United *States, and, in 
order to conduct the very largo interchange of publications between 
the two countrieSy it has been necessary for the Snathsonian Institu¬ 
tion to maintain a paid agency in Leipzig, During the year 1007, 
Germany was again Hpproache<lt through the Department of State, 
on the subject of tlie establish men I of a governmental bureau of ex- 
elionges in that country^ It is gnitifidng to note here that the repre- 
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scntations of the department through the Am^srlciin amba^^ador at 
Berlin, have been given favorable consideration on the part of the 
Germ an authorities, in connection with the establtEhment, under tlio 
direction of that Govemiaent, of the America Institute in Berlin— 
an kistitutiou for the fostering of ciiUural relations betAveeii Germany 
and the United Statesn Wlvile the Smithsonian Institution has not 
thus fur received definite information of the actual establishment of 
this institute, it is learned through Dr. Hugo Munstorljerg—Harvard 
exchange professor to the University of Berlin + who is to be the first 
direertor of this America institute^ and who hn& taken a verj*' active 
intereift in the whole matter—‘lhal it is intended to liovo the instituh,^ 
assume^ os one of is fiiuetioris^ the interchange of publications between 
Germany and the United States. 

NATIONAL ZOOLOGICAL PARK. 

Tlie XutioDal Zoological Park was established in 1S5K) “ for the ad¬ 
vancement of science and the instruction and recreation of the ijeo- 
pie/’ The area covered by tlac park is 1C7 acres along the Rock 
Creek VaJley, about 2 miles north of the center of Wasbingtont in a 
region well ad tip ted by nsture for the puriKise for which it ia used. 
During the past twenty year^t improvements have gradually been 
made as appropriations have permitted by the laying out of drive¬ 
ways and walks and the construction of bridges to render acces^s 
easy for v isilot:^ Ihrougli connections with the city thoroughfares and 
with the roadways of Rock Creek Park to the north of the Zoological 
Park. FiT>m year to year likewise the comfort and care of the col¬ 
lections ha%'e been improved by the laying out of ponds and yards 
and the constrnelion of bird cages^ bear dens, and buildings suited 
to the habits of the various animals. Among the improvements of the 
past year I may mention that sis new large cages were built for the 
lions and other large cats; the antelope house was enlarged by an 
eJttemion Sd by 50 feet^, furnishing 10 additional stalls with com¬ 
modious yards, and a new entrance to tJie building; and a suitable 
pool 47 by feet was made for tlio sea lions and seals. 

There reiiiains, however^ much to be done to prosdde adcfiiiate 
iiccominodatiorLS for the collections that are gradually increasing in 
number and in value, as w'ell as improved facilities for the great 
and increasing number of visitors to the park. 

To a Inrgo extent the animals still hav& to be kept In temporary' 
quarters, which are insufficient and unsuitable, and are cosily to 
muititain because of the repairs that are constantly required. This is 
eiipedally true of tlie temporary building used for birds. The park 
has a fine seri^ of blrds^ some of them of groat rarity and interest 
and they would make a most valuable exhibit if properly housed. 
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Only n part of the collection can now Iw shown for lack of rooirij and 
H is practically impossible to niaint^iiri the birds in a healthy condi¬ 
tion when kept in such unsuitable quartei^ 

The cal lections in the park were enriched during; the year by the 
addition of a number af East African animals, including^ live Hons, 
two cheetahs, a leopaiHL u Grants guKcIle, a wart hog;, and j^veiiil 
sniuller mammals and birds^ which wei'e the of Mr. \V. N. Mc¬ 
Millan, of Nairobi; also a pair each of eland and Cokers harteheest, 
a Grajjt*s ssehra, a water buck, and a Lophiomy^s which were secured 
in the same region* These Dnimal? were of such interest and value 
as to render it desirable to send the assistant superintendent of the 
park to Africa to airaiige for their safe transfer to Washington. 

ASTROPHYSICAf. OBSER1^4TORV. 

Tlie work of the Astropliyaicwl Observatory during the year has 
brought two iniportant results: 

(1) The first result is the establishment of an absolute i^ale of 
pyrheliometTy witliin three parts in one thousand as the result of a 
long scries of expcrimcnls with various pyrhelitanetors. The estab¬ 
lishment of this scale through Mr^ Ahbot^s standard pyrhelionieter 
hns been supplemented by the distribution abroad and ut home of 
several secondary pyrheUometers constructed through a grant from 
the Hodgkiiizj Fund. The constancy of the iumle of these seconduiy 
pyrheliomctcrs has been established and it is desirable to coinpatB 
tills scale with ihoee in use elsewhere. It is hoped that finally all 
pyrheliometric obserrations will be made on the same scale as that 
used bere¬ 
ts) The second result of the yearns w'ork is the agreement within 
1 per cent of the ^'solar-constant’^ observations obtained by ^fn 
Abbot at the f^mitlisonian Blount Whitney station in California at 
an elevation of 14,500 feet with those oblalned simultaneously at the 
Jifount W ilson station in Califomisi at an elevation of only 6,000 
feet. This detemiinatlon, iti combination with the above-mentioned 
establishment of an absolute scale of pyrheliometryi gives l.i^ii calo¬ 
ries i>er square centimeter per niiniite as a mean vsluc, for the period 
lOOo-lSOO, of the rate at which the earth rtE!ceive 9 heat from the sim 
when at its mean distance. Determinations made with various forms 
of apparatus show no systematic difference in thb value of the solar 
eonsLont,’’ Tn 1905 thisconstant," accorcling to various authoritie.^ 
w'as stated at values ranging between LT5 and 4 calories^ 

It is improbable that obsen^atioiiB would have been continued since 
IW2 on solar-coustiiut ” work but for a suspected variability of the 
radiation sent to us from the sun. The laws goveming this varia¬ 
bility are of extreme importance for utilitarian purpojse* apart from 
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their interest to ftstronomers. While <!OT^Fident of the existence of 
v3iriiitiotii3 of this value p standing over somewhat lun^ [jeriuds arid of 
the prohall ility of short-perjoti va rial ions as shown by the obscrva- 
tions obtained on ^[oiint WiUon, yet. In order to establish full tronfi- 
lienee in the minda of others of this variability- of thti sun’s heat* there 
is a very pressing need of observatiorts made simulianeOiL^Iy at some 
other place where they could be made over u lotiger perioii than is 
possible at ]Sfoiint Whitney- Tins new station sliould be so situ a ted 
that obst^rvtttion-H could be continued them while t!ic winter miny 
season jsrevents them at i^lount Wilson. A station in Mexico would 
best fultill such conditions. 

INTEKJfATIONAL CATALOGUE OF SCIEKTIFIC 
LITERATUBE* 

The purpose of the InUrmiional Catalogue of Seientiflo Literature 
13 to collect and publish in 17 annual volumes a classilied index of the 
current scicutifie publications of the world. This is LkCcouiiilE^hiHj 
throEigh the cooppratioo of 32 of the principal Cinintries of the world, 
which by meattfs of regional bureaus, one in each country^ prepare the 
tlaiu necessary to index all scientific publicatiom Lssucd within their 
domains. The material thus prepared is forwartled to a eentnil 
bureau in London for publication in the [innual viiUiiiics^ 

Tho various subscribers throughout the world bear the entire cost 
of the actual prirding and piiblieatiDii by tlie central bureau, but each 
country taking part in tlio enterprise bears the expetc^e of indexing 
nnd classifying iLs own publications. 

The 17 annual vohiiiies comhmed contain from 10,000 to 12.000 
printed pages. The regional bureau for the United States furnishes 
yearly alxiut 30,000 ciiations to Aiucrican soicntilic literature, whicb 
is between 11 and 12 per cent of the total for the w'orld. The bureau 
fur this wiuntry was for several years ruaintabied fitjui the funds of 
the Smithsonuiii IrL^titntion, but is now supportei] (h rough aiiiiiml 
congressional approprinlinui^ 

itillions of dullara are Udng spent emdi year In iscieuiific investiga¬ 
tions j and many of the foremost Jiien of the day arc devoting thvir 
entile time to shicU work. The rijsulu of their labors dud publicity 
through some sciehtific jourtial, of which there are over ">.000 that 
am regularly indexed by the viirjous regional bureaus, over 500 of 
these Journals being piihlished in the United Stai<^ The lilies of 
hundreds of books and pamphlets are likewise cited In thi« Tnter^ 
national Catalogue, Tliere thus furnished in condensed, accurate, 
and permanent form a miiiutoly classified index to practically ntl the 
scieniific Ijteruture of the world, for the method of dasdifuation 
jictually fiimbhes a dig^Kd; of the contend, as well as the usual bibli- 
ogruphic^al data^ for each publicatioiu 
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It is mteresting to Diention that a plan for a work of this character 
was proposed by the SmithsoniaE Insiitntion as early as 1855, when 
Secretary Henry, of the Smithsonian Institution, called the attention 
of the British Association for the Advancement of Science to the 
great need of an international catalogue of scientiSe works. In 
1307 the lioyal Society published its weU-known Catalogue of 
Scientific Papers,” and the Smithsonian Institution from time to 
time has issued caLalcjguc* of the literature of special branches of 
science In 1S94 the Boyal Society invited the governments of the 
world to send delegates to a conference to bo held in London in 1896. 
At this and the following conferences in 189S and 1900 a plan was 
formulated to start the work with a classified subject and author 
catalogue of all original scientific literature, beginning with January 
1, leOL 

Bespectfully submitted. 


Cexarleb D. Walcott, S^crelar^. 




ApP^NDTJt L 

RETORT ON THE UNITED STATES NATIONAL 

Sm: 1 liavp the hoiiar to tsybu^it the following report m the oj^emtlonB of the 
Halted NAtlonnl Museum for the fiscal year ending June 30, IGIO: 

mssraucTiDN ajtd occnpjiTjo^r or the jtew BuiteiNo. 

■The otlhjects of ^caio^t ™ccra during; the past year Mre boon those con- 
ncetMl with tbeeroeltuH uiid occopatlofi of tJie new bDlldln^. Ry tlio end of the 
year essentially all of the hullding exceiit the luterlar of the iontli pnTllLon and 
the i^renlte approarheo had heeii elruelumlly hui^L-ct The kst atonea Jn the 
approncbcB, however* were laid towoM the end of July, lOlO, leaving, fit the 
time of writing this reijort, only the pavilion, or rotnndn, which wUl require 
Several menlJis moro for Lla couipletJoti on neceunt of certain decorative 
fenCurea, though thp*e are nekbcr ulnberate nor expensive. The auditorium^ 
which ctfcnplea most of the ground fioer of the pnvLlLon, Is expected to bo Ju 
readluesB by October. 

In the general deficiency net iiasRei) near the clo«e of the Inat s^lon of 
Congresa provision was nindo for the Improvement of the grouuda Uauiedlately 
about tho building. This ■work Includes granolithic roads anil walks to the 
□orth onlmnte and along both sides of tho building to tho and wo*t en- 
trances, whern coni coUectlous, nnd Rnppllos nre dcUvcral; the grading of the 
embankment Just south of the bnllding oJid the construction of u narrow service 
road In the Intervening area l the Boddiug or oeedlng of all surtacoa lutcuded to 
he kejst as lawns; ajid the readjtisijuent of one of the main roads of iho ital] 
so fte to cause it to pftaa dlroeOy In front of the south approaches. Those Im¬ 
portant matters will be ntlemled to by the ofUcer In charge of public buildings 
and gromidSj $u whose province they holoug. 

The pnwBure for additional space on account of tho emptying of the rented 
buildings and the rapid growth of collections made It Imperative to begin the 
occupation of the new building before its compleifon. During May and June. 

the contents of the rented buildings were carried over and stored on some 
of the flniihcd floors la the erhlbUlon halls nnd In one of the open courts. Two 
truths later posse^loa n£ the third story wos obtained from the Hupcrlaiendefit 
of construction, althongh at that time none of tbo tooms were provided with 
doors and tempomty eir^edlenta had to be rcwirted to fur the protection of such 
material as first moved. On November &. IDM, the Museum accepted con¬ 
trol of all parts of the building aside from the south pnvlllom and while there 
was stin uim-h work of a minor chnrncter In progress, operaUuni wore not nuUe^ 
rlolly Interfered with on thaE scooudL The tronafer of the collections, labora* 
tones, and wortohoiw has prsKrecdod rapidly, hut not a# aatlafactorily ns waa 
hoped for^ owing mainly to delays ttt chtalnlng funiUnrOp au audiCrtaking of 
great magnitude, eonold^lag that the floor area to he provided for U m the 
iiolgbborliood of 10 Acres. 

It nusj- t»e eiploluHl that the first and second floorB of the bulldlBjr are 
designed wholly for emibttJon pnrjiOBM. There la one Isr^ ethlbltloD hall 
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on the ground doof* nlaa con tn. Ins tb o linatiiLg and po^wer pin at, Jiml 

tbQ wo<«! and luetnJ worl; sbopfL ntbcnri^ie, IMs floor, aurl tho third floor aaJ 
nttic, are nllottcfl to the- tmmatisc rcificrve colloetloaB la all hroncUcfl of imtaniil 
hlatoTy, Uao lalHimtoTlcE, nrcimmtona' rooms and ndmlnlatratlTD omorn. It is 
phiimed with incfereoco to thrco Ooon to me. otd^ melnl fumlturo nn 

far ns possible', e*|]€cljil35' for tiie storngG of fl;»cchncnfl. since the flra risk Is 
tiTcatar In the retntlTGljp funnll closed rcM>ma than In I be In rgo exhibition Imll^ 
through which ii clear rlcw cnn bo hnil a* nil tlmw. The dnnger of pre or of 
Its sprcaEl bflSi howcvt?f. been nedueed to n tnInImumH first through the xtm of 
matnl doors Bupplctnehtlai: the otherwise fireproof constructloo, and, RHitind* 
tlifoiigh a aystem of iilnnas. Arc plues and Arc extlngalshors^ U'bHe Ihe melnl 
as well fiB woodcti storage ca&i^ are tnnde In soToral sf^^lca lo meet Ihe re¬ 
quirements of ilLffGreet claves of si^eclmena, the rule of consttuCEIon nlimg 
tiJilt lines coaliniieft to Iwe followed. The large ileniaad crcutufl hy the nceda 
of The new building bas given rise to a keen cemrietltioi]i nmong raJinufucforers 
of Sleet fiimltnrep aud In a quality of worlniiflafllilp whk-U Is highly 

fixnttfylag. 

A Certain amount of fireproof Btoroge ftimitcre bad been constructed dijrlDg 
ibe year lUO^-P, but It was not uutll ibe beginning of last that the 

larger orders could be placed, ami a couitldenibTe amount at work was also 
done In the Minium sbepiL As ll was doemed most Imiionaut lo first coni- 
pdoto ibe furnishing of the wotklug qiiurter^ very little has been done In ilic 
matter of exhibition eases, but the requirements of the imbltc hallB will be 
glten active constderatlou during the current yeur. 

Coualderably more thaji half of the nnturaE hbttoty collections, both reserve 
omj exblblllon, were tmujfferTed during the yesir* and It la expecEod tMt the 
entire moving wlU be completed before winter. Tlic only exliJbllloD series 
opened to the jiuhUe wem those roforred in bolaw tn Gonnoctlou wdlb the 
?^dtlonal GuHery of Art, but the urrangemeat of other halls was In progress 
when the year closed. For the division of plnJiis^ the vecond story of the mulu 
part of the Smithsonlaa building Is being fitter! up. 

From wbnt hns been satd It will be noted tbnt with the readJuBtoaent^ now 
to progress all of tho collectlopa relating to nntunil history^ Including nnthro- 
jiolagy, bat cxcluiilui^ tbo hofburbun, will BOim ho Bcgregnted In the new hnITdIng, 
wbtcb was specinliy planned for that bmneb of ibe ^lusotim. Tbe Installntlon 
of the paintings of the NutloiiAl Gallery of Art lu ihe mtiMIe wing of the bnlld- 
lug, us deserlbod helow. Is vlrtunlly an intrusion, and It ts cxfiected that In due 
ElfiiiP more upproprLtitei acrommodatlons will he found for this Important ami 
rupldly growing departiuont. 

The grtNit differenee lu tbe fttuoiint of spnee roqtilrtnl by each of the rosTiocllve 
EleEK],t1:tncntB and tholr branches, dependent ujiou tbe kIsto of their colleclluns. 
bus rendered Imposslblo any exuct division between them of the floor area of the 
bnlldlng, and tbo clabiis of Mch bus bctai decided uccordlnff to the a dun I necd-H^ 
In n gonernl way anthropology ha a boon given tbi> middle iiarl of the hiilMlugr 
biology tbe wet^tem side, and geology the- eautem side. This dhlsiun of siatce 
extends eeueutinlly from the ground floor to the attic, and, in view of the many 
olei'Qteir) utkI stairways |irov|dcd 4 the hrmngement Is not EnconvimEeub It 
gives to each of the dei;hrirtniouts one of the large balls, and, as all of these hails 
open on the rntnndnt u visitor entering by the mu In doorway may proceed 
directly to w^bJche^ler depurtment he doBlrea. 

natioiCAb QAtLEmr or ast. 

Mr, William T- Ei’ans contrlbiiteil paint Inga und 1 fire etcblng to bla cellec- 

tlou of the works of cDiitcmt»ors,neou$ American a it lets, which now numbers 


42 


AN^'UAI, BIETOBT SMITHSONIAN INSTITUTTON, 1910, 


H-oli-9L^loct(NJ eianiplM by SO TbU Imi^rtniit gift* whlt^h Kb attrniMlDg 

wide attention and recclvtng the highest coiimK-ndJitlou. has iiljre 4 idx done imicli 
toward ndTiincIng the Lnteri^sis of Aiuericitn iirt, finii It 1* worthy of meatiun 
thnt one of Ita canvajcti was UixMhltiH] sihfnnd In the early si>Tlng. It Khould 
abso be stated lhat during a trljj to the Orient Mr. Char In L. Pm*r se^rurcd 
many dioJoe addftloiiB to Ids coileellob, wliU renialiihig In hU cnitody In t>etroit 
thv formal transfer of whleht as the third supplement to the original gift, was 
made to the Institution In July, 1010. 

Early In July* lOOO, it hecaiue nerwsary to move the ^-nns rolk^tlon froui 
the Corcoran Gallery of Art to the linprorlsid ptetnre gallery In the older 
Muaemu building, and thl$ In turn roQuired the temporary rHtiremmt fmiu 
public view uf iiainy of the jialntlngB which had prevlonaly luhinllfd tlken?- 
The Importance of having the entire collection hept together nnd on eyblbUloUp 
however, led to on arraneement for I is miilnteiuince Jn the new tuhiUng, ptHid- 
lug the time wLeh a mono nr^praprinte home can be fotind for the depurtineiit of 
the doe aria The liK'atlon selectfal was the erntral shy lighten! purt of the 
iiilddW hall, which U GO feet whlf* and lw.n been utilised to a length of alH>iit 
130 feeL This area was IncIoBid wdth screen walla of n aidtahle chanLett>r for 
hanging r^^ilntlags and was dividers Into 7 rooms of \Tiry Log Here all of the 
pnlotLogn bekaigtiig to the ga]leiy% together with ntflny loans, were aBS<-juh1cd In 
tlfES? to have an Infoniml th4i^ iTth of ^taK‘ll. IDlh. which vrm largely 

attended. Some of the more iuterestlug othnologlcal groups and hlstarlcal es- 
hlhlls were also Instiilkd for the Bame oecusSon In the snirouodlng parts of the 
luill and ndjacent ranges, und ihe first visitors to the new building were, there¬ 
fore. given ihe opportunity to judge of Itn udvantuges for eihlldtlDn pnrjs>»(?H. 
Ai the eloaje of (he year prepanitlons had liet-n made for extending the 11 mil n of 
Ihe Kiillery no ns to Lnelude ttie entire sjatee belaw the skylight 

aet textiles. 

With the renmvnl of the pniutlng^ from the gaJkity In tlie elder Museum 
hill Id log nnil of the large serins except the one at the ensl end. this entire ho 11 
tKjcome avallahte for the collection of art objects commenced two ynara ago at 
the siiggestlan of itrs. James W. PLnehot, who has cfiutlnned to give hoc perBoiin I 
attenUan lo its growth and ormngamenk ConslftiluK funOam^taily of inees. U 
compriswfl olht-r nrt leitllea and fahrto such a* embroideries, tatieatrles. bro- 
iMdes, and veliiijtH^ and alno fans. wtameLs, pon-elaLns, silver work. Ivory enrv* 
lufi^, Jewelty* etc, Beslilea muiLy loauH thc-n- were two Empartatit daimtloha 
during thn year. One was fmui MtisL PInehot and consEsle^l of U1 pieces uf lacv 
tnm:ljj4Sid abroad expr^ly for ihe collection and with n view to Its ueedit The 
other was from Miss Anna IL Fairchild, nod eomprlsod i£ pieces of luce imd 7 
fans, formerly l^Um^Hng to the late Julia S, Bryant, In whnwi ummory thej 
wer.^ pneoenLtd. The lace^ are of (Several varloUefil mostly of large slicv dating 
buck to the seveniecnth century, and are of greiit beuuty and value. Just fc.e^ 
furR the dose of the year oddlLieunl eaKcn wert^ provideil nml ihe entire eotluH-"- 

tion was rearmuged. It In now one of the moat nttraetiTe featurcfl lo the 
:iluseum. 

couuiiunaATivE VAcijrr, 

It 1# LH^im Hcaslnii; t<» Tint<» lh(> flcquIslUfia of n tnrise l.r<mso tnWet, Inlw- 
both tl#iortca3ly itn<l artlutUidiy, «octit«l toy tht- iiii]|,.tor, I^tdorp KontI 
for liip Hod. Tnwttm lienip, wli<i luis tbo National lluji«um ns a 

tlttlntf nlflwf for Its iMttnllntloi,. It Rymhollsn** im net of Jjerolsni dtiriog the w.ir 
with Moslco, by whlah tlio two fainklpanlK whose ItgurBS appear Ja relief on tb« 
tablet, nameljr, Pass»l JlldBblptDnn (nflerwnnlB fleiierni} ISdwnrd F* Beale 
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iind Kit Cur^n, obtuKnii^ Biicrcwr for cl of Ami^rlcnn e»Ii1i^$ JfUrrpirnd^ bj 
file ThSs ixtbl^t, ■erliltk jnQasurnrs 11 UisU by 7 tavi wide, was* cmeicd 

In thi* uortli taitriiHEN* ImIL of Ou; buHilltig, and with 

mouLijfi. oii Muy 31^ 

JLtLOiriO.'^U to T I IK COLI-lXTlOSS. 

The toLDl niimlK^r uf HKi^eLuiiHiri received ilurlui;^ the year was approxliuiijtaSy 
i)7d,lI0S, of wtilclL wtr& !$£ioii>i£lcal and iHJtanlLtiU I7,lj7ll wor€> gi'otuElcol 

nnd palcoiLtDlosLirah ft till IS,721 lreJoit|;ed to the several divlBloiis cuni{irl!i^ in 
tbe deiisLrua^t of ntithroix^luKF* Tlie napreccdMited record for bioioiiy rcsult^'d 
froto the traxiafer of a s[i^lal large collectloik from one of the |;ovemiiieiit dcpurt- 
iniuiift, an e^jiltLlned While Norldi ^Vruerii‘^i an n^aiaU niuyt nxtcu^ 

lively rcpreiK-Dted In the aiblttloiia^ Ibo acee$e|ua» Irooi abrucid ^vem excelithiu^ 
ally Dniucroiifl acul valniilik\ abd 111 A notable dc^raj fumlHhod malorlftl for 
Important eontrlbotloDA to i^lonec^ 

Tlie most noteworthy acco^lon was that received from tUo Smithsonian 
Afrknu ExfJcdLtlon imdor iliu dlroctlua of CoL Theodore fiooi^vclt. who wiis 
aeeompunied by liiKscn, Mr* KomiLt lloosevdt, ami* on the port nf (bo Institution^ 
by Ilf. Bdinir A. Sktime, r. a. Army, Mr* l^lmuna Hclkr, iinJ Sir, J. Aid on 
txirlng. This extiedltlon, wLtob wait potlrdy diianced from prUnto soiiri,^ 
raiehod SIombujUL no April 21* Ibiiti. ui^lt eight njonlha Id BrttlaU UAH Africa, 
and LhuucA tjroc&edcd through Uganda oDd down the Wblto y^ilu to tCbiirtmu, 
ivhero It nrrlvcd on March 14, I&IO, Fiekl work wnt^ energetically proBoented 
In all pnna of the region vLaltud iilid ample noti^ wem made. The reaulLiint 
oollectJou, Bouf Ln JokLattcueuts, reached IVnahlogton In exed^ont coudl- 

tlou, and eumdlttitcet the targe^t and most Iiii]»urtaut alnglo gift of niirural hlHtory 
objoetn Over rectalved by tho Slnseuiu. A prnllnitnury eOEimm indlcales thal ll 
eoniprlHos about 4,hllT inunamniBy -1,000 IdrdB, 2,000 raptllos ami batracblaus, and 
~AM nidic>H, IjoAlcles Inrgo Diimbors of man neks, ]ijji«c(4^ crnstuceniiH^ niid other 
tftwertebniteo, nniJ acvernl thousand phtiitB, The series, of large and smalJ Diom^ 
nmlB from East Afritar la^ colloetively, pfotMibly more valuable than Ib to bo found 
In any olher mnftouDj m the world, Jta Imiiorlnnee depending not so much on the 
onmhor of nvw forms us on the fnct that it utTanls an jicIcAuato basis far u critical 
study of thi* nmmmjil fniiim of Easd Afrfm ftud the cfttohliBhiucnt or reiectlon of 
the lafj^e nuiulK.^r of forms wbleb lmv<j been dcHcrtlKHl, i‘sf«ctiilly Id recent yoanii 
Itoui InsnUlclciit iimtb>rlEiL TliC series of birds, reptiles, and plants nre also 
exceedingly valuable^ ami ibe matcrluJ re^ireBeutlag other group** Is curtain to 
rumlflb Interim I tig rcsalts when studk'iL 

An oxplurutlon of ecrlaln parla of dftvu hy ami at the ex|ieiase uf Mr, Owen 
Bryant, of ColLEimfict. ^latfaaehiisotts. as^sted by Mr. WlllLnui Palmar, of the 
^tufloiiii] HtnU. resilllefi la the fti:^;umitL0fL uf n large and vnLufthle i. 4 llecthin, in 
which ninlnmals nnd blrda hguro utmt t^romiuearly, though reptLIi^ liiBAets, ami 
murine luvertehratcs are extenahely (TpmNf^nt<*d. Dr. William f*, *\bhott pre- 
sea Eld tm Important eoUecllun of othnologlcnl tibjcctK, togoEber with Inlereatbjg 
Epocimomt of uialunia is. hlrdSs and reptlloa, obtalmal by blm Lu Borneo. XeftrEy 
A.m smx-lijiens, representing tio Eltcclts of birds from the Polyneslau lalandE, 
ware iTceVved as n gift from Mr Charles It. Townnead, of Now York* by whoai 
they wert^ coiJected several yeonf agow 

The tmuBfors made by the United SEates Buri'UU of FlsbiTli^. eoaslatlDg 
Duiinly of luaterlal which had beca BtudUed tiud deftcribeil. iixid contaUiing a 
large auiuher of types, of great value. Of fisrhes there were about JlO.tiOO 

specJmeiftt. uf marltle tavertebnileH abunt S,0il0 siieclnieiiH, and of reptiles aad 
bcititicblanB about OCW spcirliuemL Except for many Jbshi^ from the fresh 
walcrs uf the United States, the collectEoua were derived almost wliully ftpcMU 
the explorations of the Bteamer llhofroBr to dllTerent (nirts of the lYielfie Ocoati* 
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An oxt£!]iii]ve fliHi valuable aerief? nf eriiiHt4i™tis from thsa of 

thfl Brltlalj Slilii to thp wt^atero IndlaD In IUOGh and eiuaHor series 

from thp c!c|3lonitlonB of t'rencli ship Troffli/fcHrand the Oemutu sliSp Ta/fjt- 
tJion ill tlio eastern Atlanllc Oeean^ weft? t^re^nted to tlit' ^loaenni Ln return fup 
se^Ttl^ea in worktop ut> tlic nespeettve coDeetieua for puliltoitlou. 

Tlie Bureau of Entotnolof^ of Lbe rx^imrtineut of A^icnlturo tmn^errod 
to tlif' J^tnscnin a most extunKlve nnil noteworthy collection, wtkb hm h^n in 
counie of buLlLlIn^' iip for u fimubof of years Ln coEkneetlon wltli tilt ealtgatlnnH 
on Inveutn Injurious to forest trees, It eampriaes not less ftmti n[wch 

inona, tiiolnly tioclJe .45 of the family 8c«tyllda?, and remnins In cliarue of Dr. A. 
D, Hopkilis, of the Burmo. wba Ims been dnalfitmted ns its cnutodlaii In tlie 
lin^ieni. 

Tlie division of ptanta received over 32,000 tiieclmena, Indudlnit uliont lO.OOO 
□Ijtqlned durtitg nn expeditlnn under tlie n««oelnte curator, Dr. J. N. Bose, to 
tliE? BOutbwcfiteni United SLatoo and westem HexJeo; the imitcrlal coIl«?lc<l by 
tbe SmItliBouInti African ExpedltEon; eccbaUflioa from the r'lillIppLno fslandB, 
11 Hd tranafers from the Dejjortmcnt of A^knilui^. 

Id tpBotogy and ruLnei^lo^- some Interesting speclmi:!ii3 from dllfmmt parE# 
of Lite world wore nociimU The nccevsiona tn iDTertebrnte paleontology were 
not only osteiiolvo hut olso of speclnl ktoportance, having been mainly the ru- 
buIEs of fleld work conducted duricig the year under the auspices of the InxLlttl- 
tlotip the Musenai, and the Geological i^urv'ey, aceodijuiMScfl by strutlaraphlc 
observailomi, nnd farnJidLkng tunierlnl for Investigations of excernloiml value. 
The largest ninl most nolew^orthj eollecmoas coualaied of Cambrian fossils ob^ 
talned kn ALhenUk Canadii, hy the Becretary. and Iti TCtah and Maiicbyrin^ 
Chlua. by others under hk dlrwLlan. Next should be mentioned Ordovician 
nud fikhiPhin fosfftlo from the Ohio Valley, Ulnli, and the iBlnud of Anticosti. 
CitDada, in imrt collocted by the cum lor of the divlHlou and In port secured by 
transfer and exebanga Intereating i^ontrlhutJuns were serlijs of Tertiary fossils 
rrom North Cnroilno and the State of Waahlugtoa. 

A number of romalnA of rare foeail vertebratt^ some In exeelient condttlon 
for moiinllnfi for exliiblGon, nnd rnluishte additions to the coneotlon of niawtoc^ 
Itaiv remains from the Fort TJuJoti beds of Sweet Grass County, Monuina, were 
ohtalued la cotinectien with explorations by the Geologlcut Survey and the Mu^ 
BQ 111 U. The types and Hgtired a^ieclmcns of Cretaceoiia plants from New York 
and Nw Enaiand recently ilescrlhed ami pnbllsiied by tho Geological Burve? 
constltuteil tho prlndpul iicqulaltton In pnlcohouioy. 


Fromlnent among the occosslona in ethnology was a laiw coliiK^nrm of 
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collprtlnnB were IncrpjiMd alonfc many llBOf:, t£ki^ Impor- 
Uuit HddltlonH bnvliij^ hcea of fireormB, Inclndio^^ a QtiDiber of bltfiorlcally 
jurerGfltUig for wjjlcli tlip ^luncnni Tvai? oUlcHjr [udebtod la llie War IN?- 

parttni^it. Also wortlijr of mention wure Eorlos of e\m dials and of wntob ami 
throtromoter moviiinenti^ a ad tlio or%liut1 maebLnOp 3oug in two, by nrhicli ocitp- 
Iilcto filns were first fnanafnetnrod antonmtlcfiJly^ 

Tho divfpbm of litcrtory was f;Tf?atly onrlerbiHL Tho bequest of Fjfof, SUiloq 
J veT^^eomti to the iintlon for dopoelt In tlio MuEoiini of many iiersfinal tneiaorlalB 
<}omrrlsed, besides bis imlfonii aud swoisj as a tenr'Admlral In Ibo tiary, *?old 
IInd bn>ii£i? m£?dal!v raaes, tacIuUIn^ a inr^;?- and flue oxAmplQ In jAiq^er presentod 
by Uio Eiiijh&ror of Russiap ami Jlfi dl|domns Bad anaouneomonta of honors ool- 
fpiTod on tbls illHtlnfulalKjd natroqomer by nnlverElLles aheI ntlaor lennacd IkkIIi^ 
for oinlftcnce In Kcteao^, Amonj: the gifts and loaaa were persoujil relics of 
Adnilrul Farriiiicut and lloiir-Admiml Char tea Wilb-^ and n nniuber of iiSmts 
of Gblon beHrlni; the laalgnUi nf rhn J?oc3ety of the Olnf^lnnatf, made in rbliifi 
ia ITt^O for I>flv|d Toirioifind, of SiIassacbuHetts. 

MiacErxA.?rt:]ora. 

Of da plicate B^iecEiDeiLE from tbc eollectlona of the various divEslons, about 
d.OiX) diatrlbutod to adocatloiLal estnbllslLmcats In dtfferent imrtB of tba 

cpnntryp wblSu Aboul 24.000 wore used In makiag exohaageid with other luEtliu- 
tloJifi anil wltli JnElJvidunU, wbefoby muGb valuable novt- nmtetial was acquired. 
The nnuiber of sjwclineus sent to specialists for amd| In behalf of the !^fuiK^iini 
or of wort Id progress for otber purpc^^ was about HJ^OOCb 

The record of TlsItoTn to ibe pahllc liulls showed an nrenigc ntteiidancop the 
total aiiinbor of persona who entered the older iliuMtim bnlMiag during the 
year baring been about 1^.000. It Ls to he expected that the nlteinlauce at th& 
new building when Us exhibition collectkni-e l-inre hee^i fully arninged will |>e 
miicJi gTOflter than tblSp hut not nntlil Sunday o|K??ilbg lias been elfectot], a 
anticipated In the near futarot tb^ ^[iiseuni hope to laeet Ur numlfoflt oblU 
gnttona In |hopiiliir educaUou. 

The putillditlens of the year, nil but one of which were dcacrlptlvo of material 
In the cdlleciions* comprised the onnnal or adminlstrEitlvo report for l&DD, one 
volmne of FmceedlngAL oae of ContrihntJons from the National Herbarium, S 
hulletlns, and JKl f^imnite pupers belonging to three tincomplelM volumea 

Because of the Insnfflcicat funds prodded for the piitchaso of books the 
library of ibo yiu&enm still eerres T€?Ty Inadequately the purposes for which it 
la mELlntalnedp the claaalQcatlon of the collectlotiOt and Important work la often 
much hindered oa tbSa accotuit At the clow of the year it cnntaTaed 39^300 
volumcB and aabound papers- 

Mr. WIlILam H. HoliucSp who has rteiwcil as Chief of ihe Buteon of American 
Ethnology alimc li>02^ rettinsed to the Miiaeum la dannary to again take up 
the duties of he^td cutator of the depattmcht of anthrotiology. It is with deep 
regret that I aanonnee the denth^ a I ndtiiaced iigea of two of the honorary 
aas^laiea of the Museam, Dr, Charles A. White and Dr. Robert E. C. Stearns^ 
once actlre jneiiiberH of its staff, both of wboui becaiue widely known throiigli 
their Important coatribu liens to ocleboe during nihhy y^ars* the fnimor eepecIalJy 
In paleontology, th-e latter In zoology. 

Respectfully submlttetL 

RiciLAan Hatjiuc?(+ 

datlsUont 5 rcf^farg, in Charts of EF. S. Nationat Museum. 

Dt- CllASLXs D, Walckht, 

^ecrrfiir^ o/ ihc ^iJiUJt#Oni<in /aJlUirilow, 
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Appendix II- 

RI^PORT ON THE BTIRE^iU OF AMERICAN ri KNOLOCY. 

r Lnv& tlie lionor to siLihmlt the ^>Rovfc’EiL|^ rrporl of tlip opemtfonB of 
Buroan of Amor Sea ri Ethnolopj- dtirtnp? the flncnl s^r eDilf?il Jijtip into, 
4uete^ Id ftworuJonKro wTtU Oie not of CVmpr&fis XTai^U 4 h IStOft, niiRiiOriiG- 

lag rtM? coailiniiiiOEin of othaDlo^ml rrseftEt^hoj^ nniung tLc Atfiortcnn iDdlumi nud 
the imllvfts of HaarHlI. uuElor the direction of the 8mlFhH>a!vtn Tostimoon, ainl 
Id aecorrlauee wlEh the ptann of opcnttlmt^ h;i|>tov«J by the f^eerefatj oa Jiidi! 1+ 
d£ICK*+ APd Jaa^uiry 4 VM<y. 

Durliii,^ the first hiiJf of the flEqal jn^r tne admlnliEtratloD of tJie Burnsn vrnn 
itiajur the ImiaedlnLc clmrjje of Mr, WlllEfini H. Iloltnort, wiio. on Juiiujirj^ j, 3010, 
Havered bin ofllelal canueetloa wttJi the Bumiu in order fo n^Apme hi* phtee ua 
head citnitor of iiatliroticito^ in the Cultwl State* Nnttonnl Mawum oad to 
heeome lei nitor of thr XALlotml f;a]Ter:j^ of ArU nu woFt u* to t^oble Llai Ie> lake 
ndvantofe of the racRlLleg offonfed by thi! LdiEiage for ritlbdahlag rtie rf'Stilte of 
J]|* varloufl arnhcoTEii.drtiJ n*«eafeliei!, Mr. v\ w. Hodse deslpiAted m 

the same date to the adciLitKtnitSLfti of tln^ Uurenu ardor ihc flUc 

ethJifiJotHst lu charge/' 

Id view of the api:fr<«iEdilng rtuioge oad of the neewodtj- for devoting niuelt of 
his lime to ftftaira wnnechSl with tlip rteisirtineht of AiithroiK,ln([j. „t ihs 
Kotlrtimi Finfl tho Mutloruii Gallsry of Art nmi iht .ulmliilittoiflon of tin. 

Budsaii. itr, Holnws foumj it tmpmrtlfflihtp ta jrive nttcntloii to ilfllJ ri.»*a«h 
tlurltip tbo reraalniler of lOtit), Goofl proKri>iifi was mado lu tho prcpomtlou of 
tho Huuahoolc of Aniprlnin An hwlosy. to wbb:li Itr bnl demoted mtieli attiujttou 
duriiijs the year and to whteli refpfraee lias bwn made fn pi-pi JouH reiurut 
Tbp *i'Ntoii»at(c cthnolcsleftl rewoTcliw of the Biirtnu wi>re oouHnu«l uh In 
pfevlmin with the rpjfiitaT force of the Burenn. conslstlue ef elRht etb- 
aoJoetstB. laereapf^l to im toward the eJoee of the year by the appolutment of 
two addltltwwil mcnilKira of the etolT, a&d finBlly ilnweniied (>y the denth of one 
mi’ntber. In iiauitlom the eervlcca of seienii Speciaiiistfl lu tiiclr respeetke 
(teldn were enllated for cpeelal worli, as followo: 

I’mf, Fmna Boast, bonorair plillolfi^ist, with wreral asslistaaiB, for resGarch 
In the Inninia^ of (he Amerlcasi nlHsrEgltims partteularly wUh the view of 
tncoriioratlnft the results In tho Hnndbook of Amork'an Indian UnfftiftEoa, 

MIko AJl« C. Fletcher nail Mr. Francis La Fiewho, for eontluuine tho levlslon 
of the iJtoofH of their nnono^iih on the flmaha Indiana, to bo tiubllnbod an the 
■■ neCfttnirtiiyliiB pn[XT " of the Twanty-Hefonlh Anneal Report 
Mlse Frnnoes Dfiftsmoro, fur resiearobcs in ladlan mnski. 

Mr. J. r. Dunn, for atntlles of tho trlhea of the AiRonquIan family raaldlnu op 
formerly resideni In tho Mhldte Wont. S or 

Iter, I>r. Oeorsi' V. rkmohoo, for luvestiBatlons Id the history. ewiaHiTih,. 
ethiiolosy of the irthes formerly llvltiE m weefem Penns.vknn*!rS*^wnm 
western h'ow York, for IncorponiUoD In tho rTundbook of Atnerknu [ndlm* 

JJr, tVlIllam It Clemrd. for ntudies nf tbo otymolosty of Ajjnsnqulan place and 
tribal cacne nni of temis that have found their way into the Kneiish inn/.n« 
for Incorjtonitlon th tho same wort, lanifna^ 
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BtqL H- M. Bnlloii, Ln eanjnnctlmii wllli Dr. C^tiiki ThcmRiv for 
rwFisn’li In coumwtlon ih^ LJat of Works KelaUm; to Hn-wattp In conrw of 
prenartttJon tpr publtcfitlDii. 

Tbo etbcolf^lcfil roa^ir^h^ by merDtH^Ts of the rogulnr elnft of tbe 

bnr^ia am satntiihHmcl a* foJJoirrt: 

Sir. W. Hodjp.% oUmologUft-bi-rluiri^p t^hcn admin]B^mtive work pin-mittod 
Unvoted Ills attention silmmtt o^cnlatvely lo tin* odliing of the Handbook of 
Aniarlciii] iDdinns fpL ■£), v^hltU yrnv; m fnr nilvnneed tonrard eomptnilnn at 
iho elo«? of the flw?nl ymt Ihnt It monied rety probable the volunia woiilil Iw 
ready for dlstrlbmlon within nhotct f^li tnoiilha. As the work on pari 2 nna in 
nroj?mwsi> tLdvniitain? was taken of the oyiporttitilty ftftnisied by the nei.-esoiflrjf 
llternt^" n>»enroh tii ooniieotloo therewith to procure new djata for lut^priMmtlon 
lii 0 fevlw>al edition of the tmllre work* which It Is proiiOriecl to imue ns «K3n nn 
the flr«t I'd It Ion of part 2 hn^ nprwnieii. The demaoil for the luinilhrKfk In 
at in %ory wreatp nmny IttoitsnnilK of rodee^ds hnirinic been n?i.xdvcd which could 
not be supplied owIfi}? to (he ilnitteil eel I lion. 

With the exception of a brief Mr. Jamen Sloonoy, ethnopif^iat, reraalneal 
In the office IhroUKhotit the entlro Ascal y4!iir, occupied chlully In tho elut»Dmt|i:ip 
of hjs stuily of Intlliln jjopnlnUon, with frequent attention (o work on the iJand- 
hook of American Indians* itnd to vnrietM rout I no dot lest, e^pcclnljy Ihcse wn^ 
Hiii^ctfM] wlLli au|itdy1n^ Inforntntloii tti cotreinsihdenttL The Inxnntignition r^f the 
former siieI present isopnlntlon eoveni Ibe^’niln* tc^rrilory Fiorth of Mexlon, fn^ni 
like ijlflci>vflry to the present time, and Involves the Clow examItwf Eon of ii inent 
body of literntiireH particiiinriy dociinieiitJiry records of the vnrlons eolontes nuJ 
of the ofllrldl re|iortB of Freucti nnd E^iiantsh exploreiw Hiid ca.nmitE!iihderE, tiv 
nether wllh such ispi-chil eDlIecUunR/iH the Jesnlt Etehitlons nnd tlie niinnal ludinn 
reports of the Unlli?d Slates nud Ciinndlnti tnwemnients from I he ti«glnnlng. 
It is nltso necesjiafyp flrst^ to hi and dlfferentlnte the tribe, and then to follow 
the wastliiR fortnoeaof etc-li tribe and trlbnl reinnnnt under ehiinge of name and 
hatiLtau further nnhdKlsIott, or tie^' eomhlnatlon,^ to tJae mid. For b^ter bnti- 
dJln^. the whole terrHory' hns lieen tempped Into fifteen seel Ions, each of which 
ban Its own i^eoEmphlc nnd htHforlail unity, and can thus bo studied separately. 
Tho invest Ifmt Ion Inelndos a suimnwiiy of the Jinllan wnrs, and notable epldeinles 
wlUdh the same ronEnn from the dtsco^-ery. .Vo similar hivesilgaUnb hnn ever 
before been atlempted^ evea the Oiaclftl Indian pejiorls lielhg Inoomplolo an to 
Ideoitliy of tribes and number of Indinnn not directly eutni{!t:red with a^?i*nclcft. 

In January, lUlOp by reniiest of those orEanlaatlans* Mr. Moorn^y was d^ig- 
nated to represent the Purean of American LMbnology at tho Joint mof^tlng of the 
Ml.^lssippl Valley Hli^torlCnl xtHSocistlon and I ho Nt4o-ftakn ^tste HEz^lortcal 
Soolotj-p hold at IJncoliip Ncbm^. and deUi’cred imveiiil nddrc«sesp willi iNtr- 
tleular reference to the utlllEAtlDn of the methods ond fesiiHs nf the HTirpoil lu 
local etlinolo^c nnd historical rewart^k 

At the r&jucBt of the Seeretaiy of the Interior, Dr. J. Walter Few-ke*, etlinol- 
ogisL continued the oxcavatlon and repair of the prehtstorle rnlim In the Mesa 
Verdo Ifntlonul Parkp In southom Colorado^ begun In the prevlons ycarr 
Doctor Fewkea oonnncncefl work ou Fllff 1^11111*10 In Mrtyp IfKKi. ntni miDplyted thi- 
eioiTnllon and repatr of this celebrated min In AngrlPl. He thtat pnKreoded to 
northwestern Arizona, and mnde a reconnoinsance of the J^'ovnho Xatliinal 
Monument^ visiting and studying the citenslve cli IT snd other ml ns of that 
1^*1 ion, knowledge of tbe eylstctico of which be had jealopil many years ago 
dnrltig ilia ctlinoIngliMl reaoaixhefl among the Hop! Indians. At the close of 
this iDii'cslIgntloiL Doelfir Fewkuw returned to Washington and ffreparod for the 
Secretary of the Interior a report on the ejEen\‘atlon nnd repair of tlilf FnLnce, 
wblcli was pubHohed by the Deparl^^^i^t Interior ta November. A more 
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eoiDprebeD^vi! Lllnfftratlre report on the satne the iscfentlic resnSts 

of Doeroir Fawkes's studJcfi dnrltii: the proMreflS of the oxcavn tloa of Cliff FnlacoK 
WDB prepored tor publication na BnlTettn Gl of the Bortati of Acnerlcan £tli- 
noloGJ nnd U now in prea>B> fonninjBT n comfiliPlon publication to bla deaerlp- 
tlon of Sprnco^treo Houce. pvblLebed earlier In the dscnl jenr ns Bulletin 41. 
Doctor FowkeB prefukred dIso n report on htn prelim Ini rj reienrebes Eu the 
XBvnlio National MonumonU wMch Is In type ntid will bo puhllahed na Bullctlik 
SOr J>uriQs the retiiiklniler of the winter nnd spring-. Doctor Fewhea waa oc- 
crupled In the pri^iuiration of a mono-graph on Casa Grande, an extensive ruin In 
Arlaoni, exaivaied nnU impaired by hlni during provlona yeara. lEe gave tiome 
lime fll;^ tn the elabomUon of an account of antiQuUleB of the Little Colorado 
Valley, a Kikbjcct to. Which he Itajf devoted conHlderable study. This work was 
interrupted In May. ihlO. when he again departed fur the >*avubo Katlonal 
Moauweni for tlw cumlnulnff the ai^heloglcal Pttidlea eonuneiiced 

durtug the previous flcEd seaslou. At tho cloee of the year Doctor Fewkc» liras 
Bill I at work In thin region. 

Owing to tho large nmunnt of muterlnl In process of puhlleadon os n reskilt 
of bln own resenrehea or assigned to Mm by reason of his stajclal kbowledge 
of the subjects Involved, Dr. John R. Swnnlon. ethnologist, devoted the year 
entirely to olSoe work. Much of this time was spent In proof rcnElltig (l) 
Bulletin Indian Tribes of tbo Lower Mississippi Valley and Adjacent Coast 
of the Gulf of Mexico^ the result of ikcrBonal field Envestlgatlotis and historical 
study; ns well as In proof readEng (2) Bulletin 40, n Choctaw DLctlouRTy. by 
tbo late Cyrus Bylngton; nnd Bulletin 47. on tbe Biloxi Language^ by the 
late Owen Dorsey, arranged and edited by Doctor Bwantou, who loeor^ 
pomted therein tbe related Ofo material collected by him In IPOS nnd added a 
lirief hUtorleal account of rbo Qfo trllke. In cunnectlon with his rs«¥arches on 
the Boutborn tribes or tribal remoantu. Doctor Swnnlon has oevlaed and rear¬ 
ranged tbe AttncfipiiT Chitimorban nud Tnoicn IlngiiistEc material collected by 
the late Dr. Albert R Gatschet nlid tiao put It almost la final form for tho 
press. With the Hid of setoinl texts recorded In Doctor Bwantan has 

sTsoat Bomo time In KtndyloB tbe ^'atchex laoguage, preparaioiy' to further In- 
voflElgBllons among tbo mrTlvors of thia formerly Imporiont group, now In 
OklahoniQ. The reumluder of his energies baa been devoted chiefly to re- 
iesrobes pertaining to tbr Creek Confederary, with the aid of books and docu- 
CBebts In tbo library of the Bureau and in tbe Library of Congress^ En anticipa¬ 
tion of held InvestlgatiDn among tbe Creek tribes to be undortaken, It Is 
eipccied. later In 1910. 

MtK M. C Stevonson. ethnologEst, continued her researches among the 
Pueblo tribes of the Rio Gmnde ValJey, New Mcyioo, giving ^iieclaL atienticm 
to the Towo group. As during tho prevlons year her studio were devoted 
ohiefiy to the puebEo of San Zldcfonso, which offers better facilities for cth- 
nologlq lovestlgatloa than the other Town vlllnges, nllhongb her InQuIrlea w ere 
extendevl also to Santa CEnm and Nambe. Owing to the extreme coDaervntlsm 
of tbe T&wa people, Mrsi StevensoD found great dlfflcnlty In overcoming tbeEr 
prejndk^ against tbo study of ibo esoterte idde of thetr Ufe. hut with patience 
fdjc succeeded finally hi gaining the warm frtendehlp of many of the more In- 
flnenthil headmen, and by this means was fmnblcd to pumw o i^ptemntlc 
study of Ihe Terwa rellglocu soclologj-. nna philosophy. Like mosi Indians, the 
Tewa nre so s^redte In GTerytblag that pertains to their worship that one 
not famllEnr with their r&Elgloas life is readily misled Into believing that tbe 
cefemonLea bold In tbe plibUc ptaias of their vllltRcs whieh, with few^ escep- 
tlnhs, nro more Atexicnn than Zhdlnn In out word eharacter. conHlttute the 
rltw of these people, v.'hereus It has been found that die Tewa adh&rc as strictly 
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to miuijr of i^oJr allc[«it cuHtonifl before vrbite men ciuno oimihg tbeniK 
altboDi^ of tbeir cerGmoafes nre oow leas elAbomte tJ’tii they were Ld 

formor * 

Wlille the cjreaitEDn myUi of the- Son IldiifoiiBo Indians dlffera aom^biit 
from Lljjit of tJiG Znfli omL of oiber Pueblo tribea, U la the hiuh? iu nil eafieotlplcs 
AecorclliJi- lo tbulr belief they were ereotpcl lnun nridernioat wurid, nod putased 
tbrou&h three otber worlds before roadiing this one. The tribe 1b divided Into 
the £!on or S-umn^r^ nud the lee or Winter iwphn the foriner Lnvlnj? preceded 
tbo Jutler In Lhelr ndvent Into UlSb world# liod their flnni lioiuc wtis rraehed on 
the wealeni btiiik of the Rio Grnnde ulmoeit oppoatte the present psiehln. Thla 
place ia umrhed by nn exteoBlre ruia. 

Every moimtnla peak, nenr nnU fur, within al^t of llderaDH> 1* jacred 
to the Tevvn inKi-ple. nnd tlicy muke ptlgrlniiij^es nt praBcHbed Intervals to lofty 
hcl:Phta far heyoml the mu£^ uf their bonie. The ajimo« of tliosi! (Wiorofi 
mountains, with n fall description of each, were proeurciL 

The phUoBoiihy of oil the Puebloa Ib clcuiely reiotod In n Kenertil wny. yet 
there nro mnrht:*! liltfemiiecs in detnl]. AHUough Mrs. ^tevenseu bns i>oae- 
tratcU liie depths of Lhe Tewa philoBophy, she hits not been ubte to dlsecwer 
aey dirtlucElve foftiures, it belns n comirteaie of ZuflJ, Shn imd Toob bellefet 
The deBlre of nil these people, and the burden of their songs ami prayers, 
Ih thnt min, ivhtdl in their belief Is produced by depnrlcd nm^oBtorK working 
behind the cloud-iuuska la ihe sky^ should cuiue to fntctlfi- thy earth, uud that 
they muy so live as to merit the benehceiice of llu?ir deities. The entrance to 
Uih* world la bellovtal ta tw through n body of wnler, which the Tewa of San 
ll[|ef(]m^> dcchtre cxlstoil near their idiiage umil certnln ZnflEa cnioe nnd Bfdrited 
the iveUcr uwoy to LheEr own couulry+ rurlher studies, no doubt# will Hhcd more 
iEglit On ihcBp latoreatiiig ijellcfSp aw J rcuiler clearer the orljtSn mid raiatlnna qf 
Tewa anti Kudl concepts. 

There aro hut two mtn pricata among the Tt?wu of Sun lidefousD: one per'- 
taJntug to the Ran i^plc, the other to iho Jee |icopip» the formyr taking 
prceo<lCficc Jn ihe gcncnil nianngomcnt of itibel □ (Taira The ralu prlirtt of 
the Sun la tho keeper of the trll^l enlombir aTHl Is the supreme head of the 
Sun [icDpIe. The governor of San lldefonso, who is ehoseu virtually by the 
ralu priest of the Sun people* la eleclnl anuujilly, and haft grcdiler power than 
that ucconled n Zuili goveriiur. Tho war chief, who^e religious superior Is the 
war priest, who holda the olhee during llfen Is also elected aamuailyv and alflo 
ifl a iHU'BOii of great power. There are three klvsB, or ceremonial; cbninbeni, 
flt San lldefciiiHo, one bylouglng to the Sun iH^ple, another to the Ice r^plr* 
and oue uaod Jointly for certain civic gatherings, for rehearsal of dances, and for 
other iMiri>oscs. The religion af the Tows of San Udefonwj cooBlats In worship 
of a Fuprenic blsextial power and of gods anthropic (embmeJnt^ celestial and 
ancestral) and golCv the latter esjieclally associated with the ^cred fratomltlea. 
The fundjimecitul rites iind cerefflonles of these fnitcruitlts are essentially 
alike oniung all the Pueblos. Their thcntgli^^ are ihe groat lioctum, whooc 
function IA to expel Indicted by witchcraft, atid Ihoao of San tldefoEiso 

have as extoiiBlve a pbanxmcapcelq ae the ZuDI theurgEsts, The belief of the 
Tewu In wUchenift Is IntehSe, and Ib a source of great auxlety among tbeuii 
AccusE?d wli^inrds or w Itchy* arc tried by the war chief. 

Many of tbc San ndefoDSo ceremoaief^ ai^ocinteil with anthropic worship nrc 
Identical wttli ibo^ie fif Taos, while othern arc the Rame a® tbiisc observed by the 
ZiiOJ, although neither the riluftl nor the piimpbemilJlo la so oU)borate, Soma 
of the songs uBed In connection with thedaiiees at Sab Itdefonao are In the i5uni 
tongue. 11 Is to bo hoped that further compamtlve study among these people 
will reveal to what extent the ceremonies tuve been tmrrowyd, like that of the 
h7578°—*M ipio—4 
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Kch^'kDk- 8 l 3 > of th* ZoBS, wUlcb Sb Bsserteil to Suit* been jntroilm^ecl lij way of 
EN>m! nj?D j^ed orntJonp ago by n I-ai;nnR Indian wbo haii vial ted ZnSJ- 
Mh. StDTenfioti doToteil mMCb attention to a Study of Tewa mimes^ Clndlnp 
tbnt ibope reifortled ait of the grrcflteet ImportaneG to tbe Zn01 In ijrSnsmg rftin 
hBTO bocn nbaiidciijod by ihe Ban Hdefonpo peorla. The foot mee of the latter 
is Identleul with that of TflE>fl, and Is perfottni'd annuDlIy after the plant Inf? 
iieneottL As cotopltle a cnKedlcm and Ptndy of the Tewa medfelnal plants w^iv 
made as lime pettnllted. 

The material osiltTare of Ihe Tewa oiao rewJted special nt tent Ion. Wenr^ 
Inc IS nut sn Industiy at San IMefonso, the onSy Tfraror In the tribe belopr a 
man who learnwl at LugmiH to make women'R botts. Bashetry of rurloua forms 
3 b made of wlllnw. The San fidefcuLBo people, like other Pueblos; hnvo iletorSo- 
ruled in tbe eeramlc urtp and they bave now Uttle or no tiwlorstandlng of t3:ie 
symbols eniployed In pottery, esetpt the cTommon form of elond and rain. Thoir 
joMbod of irrlgatioti Is the wime as that observed by the nel^hhorlnii :dey|eana, 
who IuitIue; oer]nlred eatcnilrn tracts of land from the Sun Ildofonso land 
jrniuh work with the IndLuns on the Irrigating ditches for mutiinl henedt. The 
Sail Iklefonan people raise a few i^ttle nnd borses, but no sheep. Much of their 
tftHd Is owned in Bercmlly, and tbeSr chief prodnets are com, wheat, and alfalfa, 
The women raise metmifl. Kiuas^hefi, and chile. 

\tTille mitrrlagBB, baptlBtus, and burials are attended with the riles of Lha 
CitthnSle Church, a native ceremony Is always performed before the arrival of 
tho prlert. While tbetr iwpnlar dances of foreign admixture are Rouictimea 
altnosi depleted by reflaofi of IntoxtifatJon, no aueh thing happens when a purely 
Indian cereinoay Is performed^ for the dread of offending their gods prevents 
them from plating ihemselves In sneh oondlllon na not to be able to fulfill their 
duty to the higher powers. 

Sire. Stevenson pnt only prepared the wny for a clopk? study of the Tewa of 
NAnibo % making a w^ann frletid of the min prleal of that pueblo, but fmiml 
much of InlereBt al the TSgna ptiehloa of Taos and Flcurls. especially in ihe 
kivOB of the latter vIllafTP. Tt was in an Inner ehnmber of one of tlio Pieurts 
klvaa that the prlsstfl nro said to tmvo obnened their rilM during the pn^once 
nf Stianlanlp>. Another interesting featnni ol>aer™i at Plcurls wm the 
lisniidiig of Bcntiks to a rafter In an upper ehamber of a house^ the eRStem side 
of which w'fts open in onlor to expose the scalps to view. At PIcurls the min 
prlcHts, like iliose of ZuBl and Snn llElefonsn, raiploy^ paddle-shai^l bone Smple- 
tnents tldentlcal with ppeclmeiiB, hitherto nudelertnloed. fonud In ruins In the 
Temex Muitnlains and now in the Xatlonnl Museum) for lifting the sacred meal 
during iheir min cercraonlrs. 

Durlng a ylslt lo Taos Mrs. RtoTenson obtninrd a fnll (lesi^rI|Ktloti of an elab- 
omle ceremony performed Ininafttlately after an eclipse of the sun. 

Af^c^ her reltim to Washington# in Febrnaryj Mr^r. Btevenson devoted atten¬ 
tion to the preparation of a paper on ihe textile fRbiica nnd dresBi of the ruoblo 
India ns. For romiinratlve stmllea tt wnu nrccspary lo review n large numbiFr uf 
works Qu the general aubjeet and to examine Ootleetluns pertaining thereto. 
Mm. Btevensca also prosecuted her Btudies of medlclnnl and edible plantSH 
During the entire ftscal year air. J. N. B. Hewitt eihnologlat, was engaged in 
otDee work devoted cbl^fly to studies coaueeted with the Handbook of Anierlcan 
Indians, eeiicclaby pArt 1L A ntiinber of arUclos designed for thitt work had 
boKk prepared by other conabomtors, but were recast by Mr, Hewitt Itt order 
to embody in them the latest views regandlug their Bubject-matter. Mr. Hewitt 
a\m conducts exlenslve researches Into the history of Ihe IndlJins ot the 
Susiluobaiina River during the ncvsnteentb cectnry, and their rein Ilona with 
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ncl^bborlD^ people^ r««n|tlpg In ttedlfteotpcy tlmt ji number of ImiwrtnTit tribes 
wore dealgiiAte^i by n«in«» SttfHiuebftmiap Cone^opii or AodflEtoR^ Ma&sa- 
womek, Erie, Black Mlnqima, TehodtacTiBae, End AtrEkwa^eroq&n {Akbmk- 
wajeroBoa)^ It U proposed to incorponite tbls nsatcrial into n bulletin, T^ltli 
flOTerfiJ early mnp^ In order to make It available to 0ttid<mt* of tie blitory of 
tho iDdlojQA of Penn^lrania and Koor rofki and tbE?1r relatione wttb wtilto 
people. Mr. Hewitt also devoted abont two inotitha to the tmn elation of Onon- 
dngfl, nut I VO teita rolatinj? to the Kow Year wremonT^ aiad bofiaii work on thr 
daaaidcatlon of the late Jerenilftri Curtin's Seneca loffcodi^ with a view of pro- 
jiarlaK them for pnbllcatlon by the Bureau. 

As cnatodJan of the lEoi;ulitlG mannscripts In the Borenn artdilvea. Mr- Hewitr 
apent eonsiderahto time In hustElllnj: this materlEh comprlslnff 1+Tfrt Item A on 
tts removal frotn the former qoarlersof the Bureau to the StoithJacnilan bnEldIni;. 
He was frequently ottmpSed also In receiving mnnnecrlpts and In ?aenrcrliln^ 
and charging those required by collnbornlnni either for temporary or for lira- 
longed Dm Much tliti^ amj labor were nlw) devoted by Mr. Howllt to tho colTec- 
tion and preparation of datA of nn ethnological eharneter for roplloa to corre- 
spondentB. 

Dr. Qrrun Tbomns, cthDologlatp while net ongago^ll la revUlng the proofs of 
EuBetln -y, Indian Langungoa of Meilco surt C«Bral America and their fieo^ 
gmphicnl Dlstrlhntlen, prepared by him w[th the as^l^fEnce of Doctor Swanton* 
devoted hla attention to the elnbomtinn of the List of Works Helntlngto nnwelln 
with the coljobomtlon of Prof, H. St. Bnllon. Toward the cJchpo of the dscal 
yenr^ thja work having beeti practically dnlsbed. Doctor Thomas tiULietionk an 
Invt^otlgatlou of the HDlatlons of the Hawallans to edber I'olyni'sbin peoples, 
but anfortunately this work was Interrupted In May by lllnefl? which terminated 
In his death an June 2rE. Doctor Thomas had been a mambor of liie Rnrenii’s 
stnlT since andp as hla memoirs pnhIEshed by the Bureau oae of ita 

most Indaslrlons nnd prollfle inreatlgators- 

As the fcsnlt of a special clrll^r^dce examinatlciu held March 3. 1010, the 
s^aff of the Bureau ivaa Inereramd by the appointment, OA ethnologists^ of 
Dr. Truman Mlchelaon on June 1 a nd of Dr. E^ul Radi a on June 3. 

Doclor Bndla Itantedlately mjide preparations to resume his researrhea among 
the Whiuel^ago Ttidlnins la Nebrasha nnd Wisconsin, coirttnpflc^fd under personnl 
nnspieea three years before, and by the dose of the fiscal year was making eseel- 
lent ppoRfCua toward completing hla KtudlEWof this Important Slonan gt-oup. 

About the Baine lime Doetnr Michel son itnfmrted for Montana with the iiurposi? 
of acudjlng the Blackfeot^ T^orthcj-n Cheyeune, and xVorthem Arapnhov Algotn 
qnlsD tribes, whom rolntlons to the other members of the stock are not 
dpdn Italy known. It Is the latent Ion that Doctor MlchoJson obtain n view of 
the relations of the Algonquinn tHh«* geucTally, In order that ho mny become 
equipped for an exhaustive study of the Delaware and fUtawmoe tribes, so Impor¬ 
tant In the colonial and later history of the United States Doctor MlehoTsim 
reached the Blackfoot country on Jnno 16, and within a few days had recorded 
a cauAidcrabie body of cthnotoglcak aiyUiologlcal,, and Ungiilstlc mnterlQl rclaL 
Ing to the Plegan division. 

The special researches of the Bureau In the linguistic field were conducted, 
fiB tn the past by Dr* PtanK Boas, henorary philologist, whose work during the 
fiscal year resnited In brlnidne nearly to ntunplotlon the first volume of the 
Handbook of Amerlcnn IndJAn Languages. The whnie matter In In type, UITp 
pages were iu practically final form at the dose of the Hftcfll year, and the sketches 
of only three Inngimges remained to he revised liefore paging. Deslcles the purely 
technical work of ruTlslag and proof reading, the moEt Importatil work on the 
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Jlrei volonu^ w^a u tkioroil^U tevLaion of tlio AlBoiiuuiao sketch by TV'nitnui 
JoDOB, wlm ImU isliinnoii to niQki? 5.-ertfliii HildURMot the mtiniitucrJrit, bul vrhttw 
imfornins^^e ^a&th In tlie PhlH|iulnc [aiaiir!t= loft hla rescarebe^ on the AtRonnuJnu 
InuKiuiia*# JacompMe. The rtH lBlon wna n»Bl(qiwi to Dr, Tmnmn Sliebeteort, 
who nuido n enraful cfimimriBon T^Kweeii lk>ctor diJficrJptlon of the Inn- 

Jita fiublleh^^ collectlou dC 

CoQHhRJriihlii proin'»'^ was nmile on tbo preriaratb:m of the second volnnie 
of Ihe Hpioilbook of Ain«rlE!nQ Indian UingtMgofL Owing to the Increase Ic sIkc 
of n niipibcc of the orJ^mil aketcheSi, which was due to ihe lapse of time since 
they were first reconiei.1. the first voTanie hud iiicrmscd so much In sitsc that It 
became ni‘ceaaarj to rele|$atn thoTakcliiui (u the second volame- 

At the trti^lnutQg of the dBcnl year I>r. I^eo J, Ffachtenberg caiTicd on In^'Osd- 
giitlonB tnidet the direction of Doctor Buiifl amun^ the Coos Indiana of Oresiom 
He auccoedwi In coltectlng o euiialdsT4ihle hotly nf tCJcts from the Hurvlvors, nnd 
at tlit? pahie lltue rerifted the m^Lterlnl eolltsettHj jicveral years ago hy Mr. LL IL 
St. trinir, 2d- EKxrtor Frachteuljcrcf tv.»iuiikdcd b3s atudlea of the gmuinjur of the 
InOj^iuiger nud the mannscrlpt of this sketch for the (socotid ve]iisi]i+ wns dellv- 
cmi ond Is partly In tyim Tijwttrd the eml of the year IhsHor h^ntchten- 
here oiEidi! iiroiianitory Btodles on the Alsoil latustinge of Oregon, bneed on maJl- 
Lipicrll^t texts eollwUHt n iiuiuher of yenri^ ago by Prof- Livingston turrund on 
an nspcdltioii dno to the pencrtisUy' uf tho Into -Mr. Uoiiry Villard. The comple¬ 
tion of ttio eihnolofilctil research work punung the AJscn hna heon provided for 
hy d ctratrlliutitin of fiindji hy Silrs, VUlard, which will malm It possible to com- 
pldto Jdso the Uneiilfitic Invosllsntlon nf Dso trlhe during ihe fliild seasm of 1010. 
lo Judo LHictor Fnichtoahere visited two eurTtvors of the WItlopah tribe who 
wotv Bald tif rcrafjiuhpr the tnt4:tiu^p hut unforlunatcly <jnlj ahoiit aOO wordii 
could l)e nhtnlned, nud iinieti™ily no gmiunmllcnl foruisL 

Furthi^ prejHflj-atory work on the f^wmd ruliime of the napdhook of Amarlcnit 
Indian Ijiuguages was enrriod aft by Mr. James Telt, who elucidated the 
dctutla of ilift dlstrlhtitlon id the Ishdhah illaLifta of the EUiio of WEiwblngton, 
Part of tills ^rork supported by tho ti^ueroslty of 5Ir. Ilomcr E. Sargent^ 
of tdateatrn. 

The Hpeclftl resHirchOd In Indian numie were eontlnncd la behalf of the 
Biuenu hy 5*1 hts E^rom;^ LkynBuiure^ who Iihs done so iniich tow'nrd prt«ervlng 
jhc ™n]shlftg i«oi]gH of the Indians, The prSntdpEd new phase that 1ms urlB^^n 
In M1 p 54 I>easitK>re"s w^irk la the Importance of the rhythmic nnlt In Clilptx'vrft 
HOJigft. tier ohservailoiufi tndlcato that the rh)ihiftlc phmae Is the essential 
ftient of the ftongr; Indeed SI Iks Densflware In Inellaed in tldak Unit Qm first lilt-a 
of the sei 4 }f uniy n uiontnl rhythm iissumlog tho form of n short uuU, wtul tbjjt 
Its iijcptesaJoii follows the orertnues of jl fiualiauieiiEal which eilHtii somewhere 
Lu the suheonscUuisness of the singer, liie labiiSnied ftii£ilyftti& show l-hm UI) 
out of JliSO songs to ruitM'iHr lu Bulletin 45 (Itl pETfi,'*) N'glu on the iwelftb or 
fifth, and ^14 iH-itln on the octave—a lulal of 13^ uut of hegtnnisig on the 
prlftelinU overtorn^tL Of ISO soitirsv 120 ewd m the tynlCi and yet the tonic 
diMis not usually niiisciir uulLI near the of the song- 

Slehnllc phmi^ Pte Hclduui recurrent, tft the oldest the wonI$ mte 

Hjnjs tftjlweeu rtiNetUUnni of the rhythmic ixnll, and luicp n alight rhythm and 
amall meltwly proKrcJ^MloniL Rhythm varies less often than earlier wurchi ur 
melody In reiiutlliom «‘^<|w‘t.!tiilly when the rhythm la comprised In p definite unit 
All theiro fjieu cmphatslsu! the Importance tif the rhytluu, and ei Lso luive n hearing 
on the prohleni of the deviikipmciit uf prlmltlvQ muHlc, w'hleh It la ik^lgncd lo 
trrat la n Jinictkul rtithcr Ilian In a theoruLlcal way. 


REPORT OF THE .SECRETARY. 


53 


The fndepigiilfiice of voSeo iind dmiE noted l>y Ml Fa Deaifmofc in proTlonB 
stndlcn was fnrlhor Bhown hy the dflta coReclPd ilnrliii; the yenr; nlsso the 
prominence of tln^ de»eendln^ interrni of Hie mlnof third, ntid ihe nmrkt^d iiEe 
of Overtones in the obolce of EDciodlc inaterEnL 

The £ 011 ^ eoHftfleil comiirSso n Krowp of JO s<Kn>rt!d nt Poiiitoftn n ri'tnnm 
vldnm? on the Hed ijifce tie&pnat(on, Mlnneaptni and the iserie# of ivnr 
Tvhieh i mnmore ia now eotoh^f^tlnK nnd whicU edie e^tteotfl to hnlnh bafore 
tlie close of the caKendor year. It is the ititeiitlon to eomhlno the nnnlysofl of 
these witli the nnnlyiies contained iti RnlTertn 4S of the Buirertin aiwayis tirloi^xtiK 
forwaM prevtniis work, in nrrlcr thnt the r<?frnltfi mnj be cmnxtlarEte, tt Is 

deplre, hefMre ieuritm the CbilHn^wu work, to ami lyse aiMHit 500 
eoni;?! cotUN tf'd from n representutivo miiuher nf iticTillilert. os the iltini clcrlvml 
frotii ByotiLiith:' nmilyses nf thnt numiior of soni^ should be o aafo baata for 
whnt bkli^ki he teniml a GcletiUdc tutmEcnJ sitidy of nrlnilttve aou^,. 

Mins Alice C. Flereber and ^[r. FmaclB Ln Plesche Imvo coutinued the proof 
rovlaloti of LlioEr JuoiLUitmplj of the Omaha ImllauA to m^^ouipany Uno Twenty- 
Revontli Anxiaa] Rojrort^ n pnrt of which was In page form at the elose of the 
flFcai] year. 

^Ir. J. I\ Dunn purfiued hlft atuiUeB of the Ai^arinhiu (ribca of tho .^tidiUo 
Wefit uudar n Kmail iillolni.rtkt nt fandA by the HLircan^ but cOnktNtt'atlveiy lUtlo 
progrofls WAS ifMidn. Rs It was found ndTiiaible to hold tlio InvetitlicntloiiB soiue- 
wbnt In abeyance until two LmpjrtnDt noanuBcrlpt dlctloiiarieB —one of tho 
Peikrlap the other of the AIlamE laugiuiife^kunwti to ex let . eonlij be t'arufillty 
examined^ with a view of avoidEnii teia?tlHoti of effort, Mr. Dunu wasi enablwh 
lickwever, to revise ami annotate cnnipletely a text in the Mhkjnl and I'wrla 
d.la1eets recorded by the late Doctor Clatsdiet* 

The editnrial worlt of the Bureau was condueted by Mr. G. Gurh^p 
wink froTu time to ttoiep aa pre?aure roquLredH hod the benefit of the aid of Mr. 
Stanley Scftrles. All the imbUcatlaus of the Burma have passed under ^Ir, 
Gurley's editorial HiitH>rvisUka. vri\h the exceptlou ef t^art 2 of BDlletio (Band' 
book Lif jVinarfcan |udthtia}i wIiEeb Ims heeu In BpEK.dn] ehnrgc of .Mr. F. W. 
irodjjc, editor of the work. wfPlstiN:! by Uv^ F* S, J^lcholsi In order to fjiellitate 
In the piiibilcntlou of the Handbook of Amerlcsiin Indian the 

editor thereof. Dr. Fniiix Bnni^ nBifuined entire ehurge of the proof reading in 
January'. tJnis eunhiing ^tr. Gurley to devote more time to the numectiuB other 
publlctitlooB paRRhig through preset 

111 ull, the JuauiiscrlptB of seven publlentioaa—Buliethia 44, 45, 43, 4^, 50^ 
and St—were prepared for the Govemxueut Printing Office^ while proof rmdlug 
was eDutJjiurd au ulno ptiblJcaUcinB-^the Twenty ^seventh Auuujil Roinort nud 
litillerluB UtaH 2)4 ilu, -lo rpart li, 41, 13, 4{l, ami 4i. wlilch were in 
band In various ataires of pFikgrefis at the beginniug of the dircal year. Tin? 
number of publEcutlou^ l^ued was five—Bulletlne aS, 39. 41. 4S, uud 49. The 
Twenty^^veutb Auumil Report Is In type nnd a nnbislnutlai bogtnuiug was made 
toward puttluj^ It Info pnge forui. The proof of the ^ accoiuiMmylng |i4|ker'^ on 
the Oiik^lifl IrulLrtus^by FJeteber autl Mr. Ln Flescbo^ was erltlcally ti‘*d by 
Elie niitJiors and 1^^ In condition to lie completed In n few luouthAr llulletina 37 
and 43 are pmetlcnlly ready far the hladery. and Bu]letlnK4d (ikart 1) and 46 
nm umply ah far advanced. Bulletin 44 had the tteuefh of rovlalou by the iirln- 
ciiml author. Dr, Cyrus Tbniuns, shortly befons blB death, mud a second gmllry 
proof warn reeetvetL The drst giilley proof of Bnlletlus 00 and 51 wae placed 
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iB tins lumds of tll« ftuUior, Doclor for revJalaiir Owing to Uie oon- 

ilLtlnti of tlie UiirwftQ's QJIotmoni for prlntlag ond binding, wjs nsttori^ bj? the 
Fyblk Printer, anti on Wb augise^lion that tho work for die fiscal yenr be cror^ 
failrd, Bunetlna 40 nnd 4T were not trtirtlod beyond Oao flrat giilloy stage. Ap¬ 
pended fa a list of die puliUcntioaiB above roeadonedt wltb dielr respective Udos 
aol authors: 

Twetd^^-BoveiiUi AiuiubJ Report il9t>S-D)i contaUUng aocoin|iaDylng pii|H?r 
en tilled Tlie Omaba Tribe," by Alice <1 Fletcber and F^nels Flesche, 
Bulieiin ^T. Antlauldea of Craitral and Soutbenstem ^ilsBQiirl, by tiiinrard 
Fowke. 

Bnlletln 38. Unwritten Pterature of IMwaJl, ky Nutlmiiiel a Hwerson, A. 

M. D. 

Bulletin Tllnglt My tbs and T^ts, by John R. S who ton. 

Builedn 40p Hiindbook of Atocrlcaii Indian Lan^iiiiBeii <Part 1), by Frans 
Boas. 

Buiietin 41 . Antiquities of Ule Mm Verde Katlabal Park : Spruce-tree llduse^ 

by J. waiter Fewki?ft 

Btillelin 43. ImUun Tribeti of the Lower Mississippi Valley and AdJ«^cctit Coast 
of tiifc.- Cinlf of MealcOp by John R. Swnuton. 

Bulletin 44. Indian Laupnages at Mexico nnd Central America, and Uielr 
tSeograpMOil Distribution, by Cyrus TbomOap s^l^ed by John it. Swanl;on- 
Sulletln 45, Cblppewa Mnslc^ by Frances Densmore. 

Htillolln 4D« Choctaw DIctlonaTy, by C^riis Bylnpton, edited by John K. 
Swanion. 

Bullellu 4T. A Dictionary of tbo BHoxl LangUDge, u-ccompAnlod by thirtynme 
textH and nomeroua phnusea, by James Owen Dorsey j arranged and edited by 
John K- Swoutou. 

RaUetLn IS. The Choctaw of Bayou tAcombt Taimnany Fnrlab, LnulslanaT 
by Da rid 1. Eusbnelip jr. 

Bulletin 4L)p List of the Pubiicationa of the Bureau of American Etlinology, 
BullctLn 5D. FrallmlDary Report on a Visit to the Nnvabo National Monu- 
tnonu ArtEunilp by J^sso TVaiter Fewkea. 

Bulletin £1. Antiqullits of the Mesa Verde N^ntlonal l^nrk; Cliff PuLaco, by 
Jes4c Walter Fewkcss, 

The preparation of t hi> Uiustmtlons for the pubilcatlonB of tbe Bureau and 
of iibologmphs of Indinu tyi»a continued In charge of Mr. Del^ncey Gill, 
lliastnitor* assisted by Mr, Henry Waliherp TbJs materLal consists of ift Indian 
portrait^ from life, l^L negutlvoa mid ^ druwdngs for the Bureau pob Ilea dens, 
Ih C 4 Jpica of negatives, und DTd photograiitiic prJnBf. As In the post, spoclal 
flttecitleo was devoted to the photegniphiug of the members of rlftiting deputa¬ 
tions of Indians^ since by this mcaos fcvoralile opportunity Is afforded for per¬ 
manently iMirtroylug the fes tores of many of the most promtiwt Indians he^ 
longing to the curious tribes. 

UftSuAV. 

Th& library of the Rurcuu coulinned In Immediate charge of Miss ktUa 
Lcsrjv libmrlan^ Durieg the year about IpSOO volumii^ and ubont GOO pampblets 
were received and catalogued; etud about 2;0CK| serlnH chledy the publications 
of leamed soeletlea, were received nud recorded. One thousand five hundred 
volumes were scut to tbo bindery, anil of these all but GDO had been bound 
t>efore the dose of the flscai year. In addition to the use of Its own libraiy^ it 
was found uecKSsaiTy to draw on the Library of Congress from time to time for 
the hfflJi of about 80D volnmcs. The library of tbe Bureau now contains IB,€00 
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voliunM^ about U.BOO pamplilots^ and tlioiiBanil unbound perlodtealB. 

Akbougb maJutnlaed primnrUy ns o reference library for tbe Bureau'e atnff. 
Its Talno Is beeciiniDg more and loora known to Etndmta not connacted wLtb tbe 
f^EnltbaonSiLU rnatitutloii^ wbo mak« oonitnut use of It During tbi? year tbe 
library was usaI liSno by offieen* of the executive depertnientA and tbe Library of 
Congrea& 

UAffUliCail'Tii, 

Daring tbe ^rst MEf of tbo dacal year tbe mnuuserlptB were under tbo cuEto- 
dlnnahip of .Mr J. E. Clayloo, and nu his Indefinite furlough nt tbe ciow of 
1000 they were placed In clmr^ of Mr. J. N* B. Hewitt prevlouflTy noted. 
Mo-eteen Important menueeHpte weri? ae^utred during; tbc yeati of wlUeb seven 
are devoted to CliJptwwq tnualc atari are d-qtrcadvinlnl wEtb the original girapb& 
phone records, dvo rotate la the blstoiy' of th^ Indians, nnd seven pertain to 
Indla.n ILiigulstlcs. This ununieratlon i]oe^ not Include the nianuAcrlpt 
butlons to the llandboob of American IndJuns stid the IIundbooL of Amerlenn 
Indian UinguEgei^ uor tbe nmnuBerlpts Kubmtttcd for puhllciitlon by the meoiNri? 
of the Bure^Hi's regular stufT. 

EfUOVAL OF OFFICES^ 

Quarter^ lu the ^nilUcpOiilpu hllUdlng bn vine been nsslgned by Lho Secr#Lary 
for the use of the Bureau, and funda havlui: been provided by the sundry civil 
net for the removnl nf the Hureau's property» tbe wort of trAnsfer wiiM coni- 
monced on December 10, liKl9, by reiuovlng the ILbniry from the third fioor of 
the AxlaniB Buildings 1333 F street NIV., to the eikstern galled^ of the bird biill 
on the nmin boor of the BmitbsoDlau htiUdingL The taok vnia umde dEflkolt 
owing to the pecoi^By of rcJUovLcijt tbo old slnckB and the books nt the sanio 
lime, but order was fairly establlabed In olKiut n fortnight and Ihe library ajuiln 
put in eervEce. Sat only 1 h toore 5pace for tlie l^F^]iVi^g library afforded by the 
quarters, but IncreuSed light and fscllltles for rcEearch make the new 
library far superior to the old. The uorthem half of the gallery was made more 
attractive by im In I Lag and by cnrxictlDg with llunleum. It Is yet lacking Ln neces¬ 
sary e|)noe. but this dlffi«^ulty wdtl bo ovonymio when that x:art of the seutb^ 
eftHtern gallery stlEJ occu|iSet! by the Natlnnal Museum Is vacateil 

The offices and phocogrupbic Inboriktury of the Bureau w^ere removed between 
EicceJtnbor 20 and 3L the former to the second, third, and fourtti doors of the 
north tower of thE- Smittusonhin building niul ono room (that oceupEed by tbo 
etbnolo^lst-ln^lMrgo) eu the third door of the northeaatern range: the labO' 
ratoiy' la one of liic gsillerleb of the old Nadauul Museuin building, while tlie 
stock of pnbllcatlanjJ was given space on the fourth Hoor uf the soutb tnwcr+ 
Altliou;;b the qiiurtefft of the Bureau sro naiv souiE'w^bai scat tered o the fadUtlea 
for work ore fur oujietlor to tboAe with which the Biirean In its rented offices 
was obliged to contendr and there is less danger of by fire. The cost of the 
removal. Including the taking down and pcbullding of the library bookcases, 
uece^i^ry im in ting of wuUa and woodwork, lltioieum door covering, and cicctrle 
wiring and fixtures^ aggregated 11,^000, the sum opproprlated for die purpose. 

riiopmT^ 

In addition to the hooks nnd ntanuserlpts already referred to, the property of 
the Bureau consists of a moderate amount of IneXpenslYe od^c fumUure, 
chJedy desks, cbulrs, filing cases, aud tables, as well as photograplilc ueeallvefl, 
Apratrnturt, nud anppileu, typcwrltero, phonogra|ihs. otatloneTyp and the undio- 
trlhuted stock of Its pnblEcatlono, The removal of the Bureun lutd the assign- 
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nii-jit of Ita niiomberil to lefia crowded quorteri St ncoESEyary to n few 

n^dlttOEuil ftrtidw of fcrnJtoTe, espe^ll)^ for th* library- Tbe entire cost of 
Uw fnrnLtnre ec^nlred duiinir tbe dscol ymr w&a |243wlt. 

ASlTLETIETUTtOir^ 

Pursoant to th& plues of tlso eecj-etary tbo elert™! onl kboHoi; work of tbe 
Boroao woa ctmcentratcd after tbe remoTal to tbe Stolthsoalmn butMUie by 
placltifE tbe roDtlEu? correttiioinJciice and fllcs^ tke aecomita, Uie ahlpnietit of pub- 
lIcatlooBi tbe cere of nupplles and othec- property, and all clcftnliig and rspotra, 
In ImiDodlato cliarfo of tbe olbce of tUo ^ithsoDJaa fnatitiitLoiL This plan 
hofl aoTvod to Elmpllf^ tbo odmlaletnittoD of tbe nCfalro of tbe BoronUp baa pro- 
routed dupllcatioT] of effort, and Iub rcnelted In o surlug of Ume ond fimda, 

BespectfqUr mibinltted, 

P* W. Howe, 

Dt- CnAiLxa D. WAwm^ 

Secretary of iha 


Acpe>:dix IIL 

lU^t:>OaT OK THE IXTEllKATIONxlL ESC'ILVNaES, 


: I thy honor to suhiuilt a rojujit on ih& opt^ratlons of the rutomatSonnl 
Exclmnge durLn^ the HbchI jenr ended June I&ID. 

Thore wrtB gh'nn In the last re^tort n list of the eountries to which cepJf^ of the 
ilflJly hiMue of the Con^esglounl Ilecord were forvrnrdcd dlrvct bj mnl] In flccontl- 
niioo with the resolution of the Coojiress opproved March 4, 1E>09, s^ttEn^ aside a 
certain nniuher of cop]E?3 of the Itecond for oxchiin^n. thronsh the njjeiicy of the 
^kulthsooLiu iDBtltutlonH with the loglalRtlre ehJimherB of snch forclsu ffOToni' 
ments ns ml|^ht n^oc to Rtmd to the United States, In return^ current eoiilce of 
their pDrlhiiuentnry record or like puhllcntlon. The ^oveminenlB of Uaden, Cape 
of Ooarl Hoiw, Kew S^lnnd, TmuflviiuL and VVeatem AustrnlEn have since cH' 
terwl Into this exdmiif^e. A oomplete list of the eoimtrleA to which the Record 
IB new forwarded la glTcn below. 


Australia. 

Austria. 

BRden. 

Belgium. 

Bmrll. 

Canadan 

Cape of Cfood Hope, 
Cuba. 

France. 


Oreeee, 

Gun team In, 

HoDFlnraB, 

Hnngnry. 

Itnljr. 

New South Wares. 
New S^hind. 
Portu#f&l. 

Prussia, 


Jcoumiinhi. 

Kiisaia, 

Bervta, 

^ftaln, 

Swltzerlandr 
TransvanL 
Uruguaj'. 

Western Australia. 


There are tberefore at prew-ht 20 couiitrleit with which the humedlato exehaiijto 
IH nnidiPricd. Tu aomn of them? countries howevert two copies of tlie Cougres- 
elohol Becord are sent—one to tlie npiKr ohd one to the lower house of pnrila- 
ment—ilie total niinitjer trnnsmltied heln^j 3L The nntuber of copies of iho 
dall^ isssne of the CongresBlonnl Record proTldcd for this ptirpoise Is tOO^ the 
aetne ns the nnmber of copies of ofCtcInl ddcuoientei Ect apart for ihrcfnatlonnl 
exchani^. The Taatltutlon Is still In correspoodeucC with other EovemmentB 
regarding this ItamcdlatC’ exebange, and tho llBt of those conotries pirtTcIpatlng 
will no dotibt be added to fmm flow to time, 

Ttie nninher of pachuges bandlcil diirlnR ihc fmat jear was 221+025—a din^ren^ie 
from the nnniber for the precedLuK ywr of 7,250, The total weight of the^ 
[tuckBges WPS poimds^-a gsiln of a,B15 pounds. Rognr^iEng the falling 

olf In the nuDoher of packages handledp nttentloh shonld he calleij to the &ct that 
the Incn^nse Ih lOOC^ was the largest In the history of the serrlee. Hud the 
Increase for that year hefio normal, the total aiiml>er of packages for IblO wonM 
have aliown a gradual Increase over the preceding year. The gain In weight mny, 
Co a great extent, bo taken ns no Indication that coniilgnnients eontnlnlng mon^ 
tbnti one publleatlon were niore nutuorous thnn during the preceding yoar* Tlito 
circumstaneo in ei^ieclally true In the caae of consignments for the Library of 
Congress, SIS boxes haring been received daring the past year for that library 
and counted as single imckagns- 


SI 
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Tlie aprprQiyrlatioii by OoDerase for the iftipiiorL of ibe nervlLie was j£Si 242 Qi> 

I the umount waa gjuaieO far the SsfCal yc!Il^^^ nml llKM)), and tbe 
mm on nceouiil of repeiTmenta wna ^.4’lG^T'l, ouiIiUij? tUe Kcdul ftvall- 

Aim roflQureos for currying on the ny^etn of Intomutlooa] exerban^s 

Tht Gxclnin}^ adkia L^otiaDeB to render flealslflnL'e to the [Jhrery of Con- 
gress lii oblulnilig ferelgii gnTorament docotitcnia ncodoi^ to complete It* sets. 

It Ifl grttrifytug to state Umt the exdiange ndatKouB with Koreap which were 
iiLterniptaJ dortng tJie Into Russo-Japftuese war, Mvo been renewed, Hla Im” 
fiorial Jji^ufiKse Majesty's rcsidency-getionil ai ^tooul hnrtng eouseuted to act au 
tha exchabige iatcrm&iUnry |j4itliL*eti the two couiiLrlcfl. The number of puhll- 
cnEJCDS txehangetl between Korea imd the UnltM Stiitea was naver very InrEOp 
and It lEi huped that the efitablUbtpeDC of an gfflduJ medium tbrough wbiuh gon- 
algniuontii mny he foTwahJed will result iu a futlor Intorcluinge. 

While the K. l\. ^tMUatLsebe CeuLnil-CQmmtfislon in Vlemut bma been acting 
as the eicbaDfiC inturmiMilnry hotwoeu Austria and the United Stntes since 
It has been uciAiaanry for the i:^mltlii(ouEun lufilltutloii, under the srraui^ 
laenLa entered Into tbrougb the Jmpertal Atudetny of i^leiLLes with tbe com^ 
ntlSfUutLp to bear all the expenses for freight oti loynatgutnanta both to anil from 
Vtetiiin. Tbe Goy^amtuent of Austria baa now signtded Its w-illiaEnpjss to assume 
tti aba re of the cost of conduettng tbe oxeininges between iho two ccnntrles, 
ami In the future tbe Institution w^tJl iherufuro bp rdlpied of tbl$ extra burdou 
njaiu its reaourcM, Tbo exchange work ou tbe imrt of AnstrUi will ooutiuue to 
bu carried oii by the Statist lent CohiiuIssIoil The I hanks of the tnatliution are 
due to tbe president of the Impertiil Academy of Bctcuees and to the preatdeut 
of the iStiitbitlcaJ Commission for asEdstance in this nuRtcr. 

1 nm tpry glad to bo able to report that It now seems aasutia] tbat the Ihsll- 
tutloD will abortly be rellei'cd of the expense of couiluetliig the paid agency 
which it luia mpintalaed for many years In Lelpslc to aitetiil to tbp transiulsslou 
and distrlbiitlDii of exchanges between Germtiny and ibo United StatjefL 

It is iWiiPCted that In a few montba there will be pstabllsliPd In Derlln^ under 
tbe naspices of the German Govemmentp an Inatltutlou to furtlier tbe culttital 
relations Ijetwceu the two rouulries. ThlJfl esl^bTlsIimeat will bp known as tbp 
jVtnpHcii Inetltule^ and it will aeaume as oue of Its funetiouri the tmnsmtsalOM 
and didtrJbutlDn of German exebangea. 

While tbe America Institute bas not yet begun active o[>eratlons. It Ls expec.ted 
that It will be organized at au enriy duy, and tbat It will be jirepared to take 
over tbe work of the eiclmuge agency by the cud of the CMlcuLlar year, 

Ur, Hugo ^lunsterbeig will be the first director of tbp Americn LaatUute. 

It Imi been the practice of tbe Institution to fomarij by n>g|3iered mall 
IMickfiges reeclvcd from abroad for distribution In tbe United fltau-^ With u 
view to reduciug tbe work In the Exchange OMce and also to roRcvLng tbe 
Post Olhcd Department of tbe extra oxiwmsp ealalled Id bondilng this ragb?- 
tored matter—numbering annunRy about 21.Q00 pdekagesp aggre^tlng n total 
weight of over pfjuads^the eastom of registering cxchjinges wa« dis¬ 

continued on October 17, IflOb, conolgiLiiienta now being forwnrtlcd by ordinary 
malL Jl should be added in this connection, ibat the InskltMtlon is Itiformed 
by tho PosbOlhee I>eportmeDt tbat la the ordinary maU there Is an average loss 
of only I package In 1^,000. 

Exchange conslgnineuts forte part of the cargo of almost every fes± stemij- 
Hhip which leaves New York for a forclim port It la, tliercforc not surpHslng 
that occaaloiially a case 1 b lotit ibruttKlj t|je wrecking of n steamer. Uorlng the 
year n case conmlntog exchangea for mlBcellaneons Eiddressea tn Uie Trauuvnai 
was defltrnye^l while eu route to t^oTbi. tbo stoamablp yor^c Prtflce, by which 
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It wftfl tmasmlttedi timTlag Imm 3 bum-ed whUe ttifi of Sowtb Africa. 
Tlie ioaa at sea darltig tbo latlor part of ISN^ of o cuse of exCtiAog€« for dts- 
trltaatlon io K^yist ftljould also be noted liete, TMa ooiiHl^inetit war forwanl^ 
In care of the Kgyptioii Survey Department tMider date of October ^ lGC)S^ but 
dednlte Lnr-omuitfon concertiliig Ita loss bna only teconUy been received- *ThQ 
Benders of tie packnE^ cotitiiln€Hl la tbe consiBiimentfl reforred to n-ere com¬ 
municated wlUi, aijd it fa KratUylug to state Utat, eroept bi one or two instatica^, 
It was possible for them to snpply copies of tli^ loftt publications. It may be 
of Interest to add Jiero that, Car sa reported to the Institution, these are 
file only Instances dtirtnij the iiast lire years Ixi which the entire contents of 
exchange conslgnmebta have been lost 

nfTrOCUANOK OF FUBLlOATlOZfS THE nniTED STATES AJtB OtHtA OOUHTAJES. 

Tho statefnciit wblcb Collows idiaws In detail tbe number of packs ges recclred 
for transmlselon through the IntcmatloiuLl Bichange ^Tvlce during the year 
ending June 30^ H^lDt 


Ctfuniry^ 

l-KEEfBI. 

Odtmtry, 


FOf. 

Pnasi. 

For. 

Fmn. 

iihw*iifnln - - 

1 


Itaftmi^ric 


sn 


144 

34 

DfimtOlBIx. ..XXXX ... XX. 

JT 



lit 


.DuCcI:] PuEfttu. ................ 

34 


.... .... 

40 


EeaidBTx.___..++... X x+ 

343 


Arahlji ___ 

27 


EEFPI..xxx....xx.....x.... 

404 

asw 

AMnAtliUL . ^ 

3,-600 

311 

. 

iL... . .. 

AsiizlA^llcEapii J ..... ............ 


5,345 

FfllklJULd _ 

3 


AboAh. .... 

AL 


FtUl»luuU.. 

M 



SC 


^ _ J_||---.-- 

\±,m 

4,103 

f. ....j ................ 

Itubodos. 

IIO 


Fcporh CoobiB Cllrtru........... 

u 


BMn. 

11 


autABA.. 

13 


ftnlrimn ^ _ __ 

<?77 

\ST2 

Cenitan Ewt .. 

3^ 


Ti^illiji.Tit 

4& 

Cwnaapy. ..................... 

T4^S]fiT 


llJvmiin<lr AnilLt|iidA{|u. . 

1 


OlbPttltar^^_ 

14 

BaUtIa .... 

ITS 

K1 

CMat.. ■ 

i 


BCUTlHh 

e 


_, t _ 

S 


...... 

H,eo3 

' 3S5 

Onaal llrluln ud IjtIji^..... 

33, m 

0,330 

Odllila Axn 0 d«L............x. 

7,047 

A4S 



4 

&rfUd] Bcnntt x..... 

30 

sei 

Gmmluul. . ... .x.:........ 

0 


BHlIli GcfEChd AJSriia*._... 

1 
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During tJiii yaiir ihxiTe were acai b^xm tan tucizt^F^ over Ifm of 

TO boxes), of wbScb 220 [X>iit4iliied coiDpiote eeta of United Govenunetit 

doenments for nutborii$^ dorK^itorics and InSia wore dHod wltli dofmrtiiieDtal 
Atod oduir itiibllcattobfl for deimltoriei of portbLl and for dlstrlbutttin fo 
rdljsceUaneenir oorre^fiondentB. 

ipccirAjcot or ooifXnJVMrST DocriiKNTd, 

Tlie number of tHiekEgOfi went abroad tbrou|;li Ltip XntematloEmI Exobnnge 
by UnUed S^tatu Govetnajeriit eatiiblSHhiaento dtirln^ tbe year wns 
ISR1&2. an tncmnae over tbo number fomninjL'd dtiring the pmodlng jwelvo 
montbK of wblle 1^,017 imckoges wore received In ^cliange, a decrease 

of 2409 . Tbla disparity hetmMsu ibe nntnher of paeknges reeelvei! mid ihme 
sent way bo noronntoa for Isrgoly by thv faet tbnt wiatsy retiinis for the pnblU 
cntlocLi^ aetit abroad are not ibade tliroii£h tbo EicchaDge Service, bot are for- 
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wnnli^d to UtelF aestinnLlfliia dtrtfdl by tunlL TLIb (llffpretiL%- In furttwr dsip to 
tbL' pnictice of fiOliUIns ctJoalgauncaits to Uii Library of Canj:rres^( Jntaijt. In mony 
eases Ji wbolo host of pqbJk'atlonfl being ^atei^ oti Uio nooords of thin oJfli^o qa 
one [uekD^. 

rO]t£|ON DETOaiTDaiEfl OF CSttili ffTATOi iSOFZaSMlST 

In acoordancc vrlth treaty eilpulntlonfl and under auUiorLiy of tho con- 
fiics^lona] rei^intlolis of Marcti 2, 1S67» nad Mnrcb 2, lUOV, ^ttlng npart u. ccr- 
tnLu nymlMir of docnmrntisi^ for exeliHOise wlUi forelpn countries, thero an? now 
Mut rogiilnrly to dciKwltorioa abroad !55 foil s&tB of United StRte« oUclol publi¬ 
cs llooB and ^ partliil sots^ 

WiiHo tbo R to lutes at Large Mvo for some yoiins formud part of the mis of 
Ei 3 ireniini*nt dooumejiii ^^>^111011 for Inlemntlooni eatdyuiee ptin^s^ 

Rfon T 4 iviii iwtve only been added during tbe post year, Thla oddltlou ttos made 
throtigb t4ia vffqrtB of tlio Library of ConieresB, a rwiuest for die laws Laving 
been received from one of tbo deposttorlesL 
Tlin recltilent^ of full and partluJ mts ore as follows £ 

DEroBrTUHii:^ or rtJU. sets^ 

Argontlim: Itflnlirlelrlo da Reliic tones Ejiterlores^ BueoOs Alrea^ 

Argoiithm: Bill Lot eta do Eii Lni versidud Naelonul do Iji PEEi;tn+ 

Australia: Library of Bio Couimonwealtli PaHlnrucau, ^fclbonme. 

Aiioirlaf K. K. BEatb^ttsebf? Coulnil-CoiEiinl^on, Vloniia. 
itadeii; L'lilverattllts-Ltbltutlijek, Freiburg. 

Baiarla: Kimicliebo Hof* uud Stiiats-BlbllotJiek, yiutilcli. 

Belgium: BiblloUidquc Royak\ Brussels. 

BroAil: Blbllotbeia; fvncloiuii^ IBo de Janeiro. 

Caiuidn: l^arllaineiitarj Library * OUnwii. 

CaiH? Colony: Government Stationery HeiiartmonL Capo Town. 

CiiUo: BtblSoiocn del Coitgrcso NncloDub Sontlogo. 

Cbiun: Amerletiti-Cltinosio Publientlon Eichiinge rKFiiartmenlp Shnnghat Bxtresiti 
of Foreign Attairs^ ^bntlgliaL 
Columbln: Blblloleen XncEoimb Bogcta.^ 

Coflta RlLa : Bdeina de DerpCellu y Cntiie do I'libllcarloneB, Snu JoiJie. 

Cnbn ^ Dor<artiiiL>al of StotOp BiEibEiiiH. 
lieiijinirk; Ekoogcllge BlbllDtlieltet, CopenhuEeb. 

Englnud: ItrltJsb MuiseuiUH^ Landau. 

England: London School of Eronomles nnd Polities I Ijondon. 

Franco; Plbllotbi^iie Nndonate, FnrEs^ 

Franeoi I*r£^focturc do ]n Seine, Paris, 

Gemndpy: DeuineLe JleEobatagS'BEblEotliakK Berlin. 

Qreceet BlbUDtli(kjtie Ntitlonale, Atb™. 

Haiti: SacrtUiEnorle d’fortt des Relations Ext^rleures. Port un T'rince. 

Hungary: IIungariRn House of Delegnles, BudupesL 
India: Home Dcpiartmeutt GoTaminenli of Indln^ Cftlcutta, 

^Iretnnd: Natlutnil ybrniy of Ireland, DuMIn, 

Itnly: Hlbllnlcea XnEtotwle Vittorio Emaboele, Rome. 

Japan: Dofiarlmenl of Foreign AffatrSp Tokyo* 

Manitoba: Provincial Library^ Wlnul(*eg. 

Hexleo: luniltulo BibliogrflA£.*Op BlbllotocA Naelonnl, Hexlco. 

Netberlanda; LHjrary of the Staten Oeneml, Tbe IlaEue 
New Soutb Wales: Board for Ldtematlonnl EJscclianges, Sydney. 
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N>ir ZcalEnd: GftiefAl Aitsomtilj Llhnir:?^ WcH 
Nonray g Stortliiiii^etB BHilJotlielt, ChrlfftlftnlB. 

Ontaria: l£^R]attvc Library* Tfpnaiitjo^ 
t»eiru: BlbUotecii NrcIoIu^It Litoa. 
roittJgal: ElfallathfM^fl Knclonal* Ltsboii^ 
rrnn$la^ Iw^LglEcrliD Blbllotlipk, HfirlliL 
QnebeC! Leeialotlvi! Library, QrwtKN^ 

Qaemfilatid: ParUamentary Library^ Brl«bana. 

EuaiiilR : maperlal Pablle Ubrntyi Petflrsbure. 

Saxony : K^lgllclie DefTentllcbe niblJathefe, Droadcn, 

SorvSa: Slltilitt^ra dea AffaSi^ Elrani^r^fit Balgnida 
Soutb AastmlUis Farllnmentaty JJb^o^y^ Adolulilo. 

SihiIq: Servlclo *1fil Cambio latemaploanl d& FubneaeloDCfl^ CtieKiw FacultaUro 
d^^ ArchlrerM* Blbllotacnrloff j ArquefiJtigQBfc ^fadrld 
Swwjao: KnflffJlga Blbllotekct, StocMbalai, 

S^lt^arland: BlbUotb^ue FM^rale. Bcmo. 

Taeninnla^ ParllambiitJiry Library* Hobart^ 

TrAnataAl: GovOTiinitat Ubraiy, Pfietorla, 

TuTk€y: Ehspartmetit of Public Inidrtlctloiig Coti^atlnopla« 

PruKiiHyt Odclna de r>cp4^ltOp Bernufto y Canjo IxiternacSoiial Jo PnbllcAdaDoa* 
MoDteiftd«>- 

Vencauolo: IllbllotocB NadounL Cnrilcaa 
Victoria: Fntillc Library, MoHMiunie. 

Western Auatralla: Public library of Weatern Austral la^ PorllL 
WOrttOmbor^' E^Ulgbcbo LauJcJ^lbJIoUiek^ Stuttgart 

nupoarmiiraa or raariAL airra. 

Albuftn; Lcglsinti^e library* ESdromitOb. 

Alsace-Lorraines MinisterInm fflr B^aasii-Lfithrlngon^ Striiailmm. 

BuUvIn j Mlnloterio do ColmiisacidrL y Agrlcultisra, tji Pn?, 

Bfltlab Colntnbla: LcgUlattYe Librafy^ Vktorla. 

Bronicn; Seuatf^oramiiwlon fUr ReJclu^ und Aui^llrtlge An^elejEmboltou, 
Bulgaria: Mlulntcr of Forolgn Affalni, Soda. 

Ceylon; United S la lea Consul, CuIolubO. 

Ecuador: Blbllotoea ^nclonul, QuItOi 
Egypt; Blbllotb^itno KtMlvlalo, Cairo. 

Guatcmaln t Secroitiry of tbo GoTcmiiteiit^ GnatemnlB. 

Hambnrg: SciiJilAt^Dmmlsalou fUr die Relcbs- nnd Aiiswiirtigcn Atijp^l^nboltcti. 
Hesse: Gro^^er^ogllcbo nqf-Blbllothf^, Darmstadt 
Hemduras : Sucrcta ry of tbo GorerumenU Tegucigalpa. 

Jamaica: O&laolal Secretary » Elngston. 

Liberia : Dopnrtnieat of StatOp AroaroTla. 

i^iuengo Maruncx: OoTenimcnt Library* Loureueo Mar^uer. 

Malta : UeutfmsnbGo'rDraorp Ynletta. 

Montene^o: MlnlstCre Prlncler dca ACTalrea ^Straui^res, Ootinje 
Natal: Colonial OoTcmor, PJetermarlt^bura:. 

Nowfonmlioud: Culoolal Scrotary« St JohnsL 

Now tlriuii^lckt LoglfllalJvo Library^ St Jobiu 

Nicaragua: Snperlntotidoiite do AreWTOS Nadoonles, Mnnogiia. 

Nortbu-est TePMtoirlcfl^: Ooveptim^t Library* Resina, 

Nova Scotia : ProrlucloJ Socrotary of Nova Scotin, HalLfax. 

Orango Klvef OoJfluy : Gorcruiuetit Library* Btoomfootoln. 

Pniuima: Secretarts Jo J(olftelouf9i l^tortores* Panama. 

Prince Edward loland; Legisliitlvc Library^ Quirlottetowm 
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Pnragofly: OflcinB Gpnernl de Itiiormflclonsa j CanJ^Ef y C*mtEiiBaHn Oenoral dc 

lDinl{rtficilQn< AbducIoii]. 

Roumaalxi! AcadMuIn Etjcanwt 

^Iraduf: MSnMijrlo de Helacloni^s Eit4>rlDre^ Sari Saltador. 

StrnitB S^cttlPiLcntis i Cd^nulal Secretary, SSnprtptit^ 

SSam: DepartmeDt nf Foreleft Affairat Bangkok, 

Vienna: Bflr;gfermeSatcr der Houpt- und Bosldenm-Stadr. 

CO&LBnflFQKVE.TTS. 

TTio pnnioft of new rortefllfondenla In every \mtt of tlio world nre eonetnntKy 
berng addod to the ejcelnfixee so that they renct □ totnl of .in 

Increaise of over Uioee of the plweillng yanr. These coircfliiotiiJefita arc 
nohdlvlded ns follows t 

Fofolign limtltnUoii^—---—- 3, 

F^irnl jm j!t)iilvMuilIS,^^--- Ss 300 

Don) 0 ¥t 3 c —----- in, TOO 

Donaestlc tndlvldunls. - --34^ TSO 

A table rtiiowing ibe nomber of OTrrestNoudenls Ln eacli country at the close 
of 1D07 will ho found Ln the rec^ort for that year* 

iVIniCS C0rEE^IT<O TlTt TttANSHieaiON or KSOnjiVilKS* 

The clreuSnr cotilalnlng the tnlcs goremtnk Uw traimmlB^cn of tischariges 
Imfi hCEUi reviised during the yctjr+ and nndcr date of June 30.1010+ a now efiltlnn 
wna publbtUcd. The circular la here reproduced for the Infurnyitloti of those 
who may wish to make OBC of the ftieniHes of the service In Ihe forwjinlSng of 
esoliatufen: 

In oCreottng the distribution of Its lirst publications ulnnad the Smlthsonlnii 
liiNtltutlon estabSiHhed relations with certain foreign nclentidc socletleft and 
tlhrarios hy mennsof which It wjib ennbleil to malerlinlly aPt^Esi tnidlttiUoiiM and 
IndlvhhiatB i>f this country In the traosinlFsIofi of t heir publics lions nhread 
find also forotgn Bocietles ami EndlridnalB In dlatHInillng theJr pnbncatlons In ibr- 
rolled Stated. 

Th rccont ymra tho ^mittiRoninn IimtitutSon Ima ln?cn chnrecd with the duly 
of eonductliig the ofHelnl cjEebnngc bureau of the Fnited .St»ti>ft Govornnrent. 
through wliloU the piihllcnUonfl anthorlaod hy CotigTcsB are exchanged for thwic 
of other povetuntentBl ntid by a fonnnl ircnly It acls fis loteroiedtnry hotwEfeii 
tho leaniod bodies and literary nad sdcatlflc pocletl eii of the eon trading statw* 
for the reeeption and transailifllnn of their puhllctitloBa, 

Attention la eallEd to the fact that this Is nn tutcmstlonnl and not rt domestic 
exchange jaervlee, and that It is owl to faclltlate exchunges N-tween the t-hited 
StotM and other conn trios only* As exchanges from dOfficaUc ponrces for 
ucldroftsos In lliiwiill, the Philippine lslamla+ Porto and other icrrllnry 

subject to ibo jarlfidictlon of tli£ IfiilltHl States do not como ^vfthln the de^ig- 
unlloh " lateraatlonnl," they are not accepltHl for tranpmlssloii. 

Pockrtges prcT^fir^l In ftccordnncc with the roleil eniimenitefl below will bn 
received by tho Smithson Inn Institution from or InstllntlonB of hjamlng 

in the T'nlted Stiitea and forwarded to Iholr defitlnatiouM through Its own figt^nrs 
nf ihrough the varlona eicbaage bancons In otlief countries The Sailthsonbia 
agent# and tbeoc htiretiiis will llkewliw reedve ftnm correspondents In thetr 
oonntrles #tich publications for iiddreisR^s In the- United Rtaft-a and te^ilD^ 
subject to Its Jurisdiction as may be delivered In them under rules 
ihoso prw^rlhed herein, and will fomanl Ihciti la Washington* alter which the 
InstltiTtlon win andettake ihelr dlstrlbulloar 
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AUTTHAIj REFQBT EMTTHRQNIAN iNSTlTUTlONj tOlOp 


On ili& of Ji C'onirtKiimont from n domofttlc ooorce It li* a 

i?ecorcl noinhert^' JJits nnmli-t?r lK?injj pTar:e<l on raoli oackago contaitiod In tho 
oonHlptucpent A rpcorid la tUtm made of tb« entire lint of pcickagea under tlie 
fM*tnli!r^a nnme^ and the r^efitirato |»ai'knt;eii are entered uiider tha emtne of the 
|wn4on or oEtleo nddrwti^l- Ao nocount Jh ihns entabliBhed with corre¬ 

spondent of the InalttntIon, whldi Fhown readily what paei:£L£ort each one Laa 
Rent nr feceli^ed thronj^h the Eichanire flcrrlce. Tlie hooka aro then packed In 
bosefl wiiLi ODOtrllintlotia from other aetidtra for the no me otioiitry, and are for- 
wrtTfjKKl by fojrt friFlKht to I he bomiTE or ojreriizy nbrond wblcli ha a uiLElertaken to 
dtalrlbuii? e:xchaoKeA in tlmi- country. To Great Britain and Oomuinyp whore 
paid atfotielna of the limtltmlrtti are mnlntnlned, shipment b are umde weekly; 
to all other connlrliefl tranamtaalojufi are made nt InierralH noi exceeilln^ ene 
monttL 

ConBEantnenta from abroad for comaiiondentES In the Bniled Stales and lut 
Hta dUrtrlhutod by mail nndor frankp ft record ImvIh^ flrwt been made 
of [he natae of tlio needer and af theadilresfl of caeli. paekaj^. 

Tlie TnntI til lion asautuefl no reapiaiAlhnhy tn the tramoDlBalon of tmtikaifo*? hut 
rtt all tlmea ase* Iia be^ etnJofivorB to forward promptly to desUmtiiou exeban^e^ 
Satmaied to Itv earn- 

The rules gpovemtn*; tla^ SculthsonSan tnternatiniml ExcJniiige »^rvJee are as 
falloti'v 1 

1- CoTiBlgnmenta from eorrespondentfl In thel'nlhed states eentaln|rii:paekagi!^ 
for trcinsmliiedou ahrend should be nddresBod ^ flmlE.hjionlaii Instltulton^ Inter¬ 
national l^ehanjp^, WiL^logton, D. C 
2. In forwardliik u eoiinlirniuent the sender shoiihl address a letter to the 
iDBtitatlen^ eta I Ini;? by what route It 1b heln^ shipped, and the number of lio^» 
or paireelB of which EE Is eomi'tOFe^l. 

a, ahoulil li* legibly addro^aa^i nr^lnUy when pnictlcable* the Inn^aj-o 

of tJao Country to whEcJi they are to l>e forTrtraii*ili*d- In order ta utoSiI any ponsible 
diJfpute its tn oirnorahlp^ names of IndivUliialB should he ami Bed from peiekag^es 
Intertiled for Mcletiie!) nticl other -eaEabllRhmcntA, 

4. PackagcH shouhl be securely wrapltod In otont petper njid, when nceesKiry, 
tieil with strong twine. 

5^ Xo package to a aiugle nddre-ss ahoulil exceed nhout ono-half of one cubic 
foot 

(L Lattars are not iierinittiil In escluinge imelingeF^ 

7. If donor* doalro nekikOwliaSt-tnetita. packages may eoatarn receipt forma to 
he atfcEuod and rciiimed by ihi* cBtahiliibmciit or tudlrldual addre«a6d; and, 
Hhcnild piibllecLtionB lie desEml In eichiiPEe. n rcuuesl to that effect may be 
prititcdun I he rwelpl form nr on ihe Mckuge. 

8L EjtdiiingeH miiat l^e delivered to the SiulttiBonhip Instttutlon or Its ngents 
with all CLhargea pa hi 

0. The Institution tuiil Itn agenta will not knowinyly receive for pay address 
Nitrehaseii tM>ifksj npiraratna nr InntrunicntH of any de?^crEptloi 3 + whether pnr- 
ebas^fd nr prnaenEodt our sitcclmena of aoy itature except whnu t^rTuisslocL from 
the Inftjtuilon hns bDcn obtnJnoci and then only nudlcr the following condltlonaj 
(a) yihKlmenw lu fluid wtll not be accepted for transmlssEoa. 

(ft) Bntaitleal otpoclmnn* will bo Iratuimltted at Uie rate of cents pur ftoimd. 
(erj ATI other apeduEciift wttl be Immsmlttod at the mte of b trenla j)er imuud. 

UST OF aeilEAUB OB AUTSfiVTEB TEmatrOQ WHICH ESCIianUES Amt TBANBMlTmi. 

Folio wing ts a list of tiarcau* or ugeuelcis tiiroiigh which the dTsurhuMou of 
exchange* Is effected. Thoie In the Jnrger and maoy In the smaller ooun tries 
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forwanl to tLc Soifthwntati [oatlttitlDD In retum contribntloufl for dlttrlbutlon 

In Uie United States! 

rln France. 

Angfola, Tin PonnsBl. 

ArRentinii; ComlaiOn Proloctora (In Blbliotwa* Poinilnriis, CiUe Peru No. WS, 
BiieTLD« Alr^. 

Aiiatrlii: K. K. SlJltJatlSGlia Ccntml-Camnilaalou. Vlcnnn. 

Azores, vln PurttignL 

Bartnilofl: Irupr^Hal Depnrtmout of Agrlctilturc* BrldjEsetown. 

Beljfinni: Service BeJue des IntematJoGmijc^ Kuo du G, BruE- 

selR. 

BemriidH. (Sent hj malt.) 

BoHvInt Oflciiui Xnrlfinal de EslaiirnUca, La Poi- 

HffiKll: Sen-I^jo do PctinTmcijQS Juluimrlonnes, Bibliotheca XntleuAh R[rj de 
Janeiro^ 

British CoTonlca: Crvwn Ag^ta for the Colon lofl. I^ndon^ 

Brltlah Gnhinaj Boyal Am-lcultnml (U,i1 Commerdnl ^acloty, Clooreetowp. 
BHUfib ilonduius; Colon Itil SoerolAi^, Belize. 

Bul^rla: Insdtutlooa S?cientlflqucfl de S, %L kt Hol de Buianrle, Sijftfi, 
f^nndn, fSent by mull. 1 
Cfl.nar>' lElandA, vJn Spain, 

Ca;ic Colony! GOTCmmcnt Statiooery Dollarttnent. Cape Town. 

Chile: Scrvldo dc Caniee InternaclonaJcs, BlbUoteca Xeiclonal, San lingo. 

Clilrm: Zhlcn-wc| ObBeirniory^ SbnnglkiLL 

Cniotnbln: ONclnn de Oanjofi rnrcmneloiiAle£l y Beparto, BlbLIoloctl XBoioanh 
Bo^ta. 

COBta Rlcn : Cdclna de Dcpdalto y Conje de PubUcftclOfifa. Son Jose. 

Cuba. (Sent by mnIL) 

DGniimrlir: Kon^ellgo rJanake Yldenahaberriro Solntnb, Copeiilinfett. 

Dtiteb Cnlnna! SurltianniscbD KnlonfalD BO)Llotbi-ek, Pnnimarlbo. 

IScttndor: Minl^rrlo dn HelaclnneE Exterlores^ Quito. 

EgjTi? Dlroctor-CenL^ral, Snrrey DepartniGnt, Qfzn (Mndtrin). 

France: Service rmugiliL dea ^bongoB Intemntloimuz^ JlQ Bno de GreoeJle. 
PdrliL 

Friendly l^iids. fgnnt by mail) 

frcrnianyt Karl W. liloncemnnn, KSalga^trns^e 2D, I^ipzlg. 

Great Britain and Irelamf: ^tciyim William W^l^j A Son. 2$ Esgei stioet 
Stnmd. London. 

Greece: BlbllotliOque Natlotmle, Atlinno. 

Greenlata], via Dnumnrk. 

Guadoloijjie^ via Fiance. 

(luatomnla : InatLluto Xaclonnl de VnxonML Gnntnmala. 

Gnlncap vln PortUKuL 

IJflJtlj Secf^tnlro d'Etat des Relations Eit6rlenres, Pert nn Prinen, 

Kondtiraa; BEblloteca Nuelonalp Teitticlgnliu. 

Hutiitaty: Dr. Jijllus Blbierp Mtmldpn] OtBee of StaLlstlca; City Hull, BadapevL 
loC'Lnnd, via nfltiiuiirk. 

India: Bidin Store Departinent, India Office, London. 

*Tbte melhixj Ui employed for qonitndnlcntlu^ wlUi aeventl of tbe Brltlab 
eolonlGs with wbtcli m medliin] Is available lor forwardloe e^uban^ dLrecL 
S7a7b*—AM UdO-& 
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Itnl;^: USclo di^H [ut4>nidztanji11, BUslioteca Nmzloiiiild Vittorio Ehuld- 

ucjp^ Homo. 

JninaTcn : Institute of JamcilHi, Klogston. 

Jnpiin : DeiMirlu;K?ot of ForpSpi Affaire, Tokj'o. 

JATiip rift N^tluttrEaailR. 

RoFfili: Eis tuipcrlftl Jorjaiipi» Mojsjsty's $eoil1. 

Litvin* iJeiifliilioiMit of State, afonroYln. 

IrfTirefttKs HopjiiC!®: Govenuneot Ltbrnryt Lonnenco aiarano^, 

Tjttxotnlmnf, via Gomaioy. 

Mftd&Kftflair, l ift Fmiiee. 

JladeEra, via Purtu^l. 

HieaU'o. (Srat % MalL) 

&!otiti?oegrof ftllulift^ro rrla<^lDr ile« Affalrca fitranR^^rrF, Cetlnjp. 

HommhlnuOp rla PortHinil. 

Natftl f A^ent-Gmernl for NatnL fjMidoii. 

Xetlu^^HanElA: BurDau SelpatlflQiio Ceiitrnt Nt^riandals, SEbllotlii^iie do 
?erisEl4 Loyilim. 

Noi^retiddUimL (Seal hj mntl.} 

Norr Giituon^ via Xetbcrluade. 

Koir Hebrides, t^at bj maJl.) 

New Soutli IVtiltw; Bnsinl for lEiternatlnanl Excl]ftD;;is, Ehibllc LSbmry, Syilnes'+ 
Now Zcfllnud: Domlaloa WellliiKtoD. 

NI«kTn};uu: Mlnlaterlo do RelJitrloaes E^LtorloresK Mnim^a. 

Norway: KonfEcll;^ Nor*ke FrederlSts Cnlvorsttet Blbllotliekott Cbrletlftnla. 
puiMiiia: Secretnrln de Relooloaes Ej[tarIorr», 1‘a.Eiiima,. 

PnntfEOfty: ^rJftliderlo de Eelnolopiea KslerloiTF, AsnuctoriH 
Porela: Bourd of B'orpiKn .Mlseloaa of tlie PrcfsIiytyHnti Chunt-hp Now York City, 
Peru: Oflelna do Ropnrto, EPopOeltq y (isrij*^ IntemnrloDal do PnLHcadotieflp 
MliiLsterlo de Fumento, Liam. 

PortuipaU Sen lco ilo PernmtJi^^ IntertiftelotmoW UlbiloHiMn Nndoiml^ IJiftioii. 
Queensland; Board of Exoliuji^es of latortmtlciriikl rabllcatloue, PurHliinient 
Uoiioe, Briobano. 

Rouituinlft, Yin Gemuiny. 

rEu»aa; Coiumlsslon Runse dos EchannEea liitematlonnnx^ BLblloth^qoo Jttt- 
[>^rfnlo Publlc]iK>» St. Peiorsbnn^ 

Saint CbrlEtopbtT, (Sent hy malL) 

Salvador^ Mlnbtlorlo lU* lEclacionoa Kxtcrioree, San Salvador. 

Santo DomlJipK, (Sent by malL,) 

Servla: Scotlun AdmLntotrntlve do Minlsti^ro doe Affaires Etran^^r^ Belimide. 
Siam: Xloportraent of ForeT^ Affnirs. Bnnjyd£ok. 

South Anattftlla! Publfo TJhniiy of South Australia. Adelaide 
Sjialti; Servleki del Camlilo Intemaelonnl do PnbltE^it^ionoa. Cuerpo Fftcultatlro 
do Apohlveroft, BlbTlotccikrlos y Arquedlotpia. Madrid. 

Sumatra^ via Nether lands. 

Sweden: Koni^ligiE Srenaka Vetonsknps Akjideniien, Stoekbolai. 

Swltaerlandr Service dea Fcliaii|ft» lulomftUohflUXp BlblEoth^ne F^einic Gen- 
tmle. Betn. 

^rtn: Board of Forcipi Missions of the Pn^sbytorinn Chtifrh, New York. 
Tasmania: Roynl Society of Tnanioiiln, HobarL 
Tratumial: Governnidit Library* Pretoria. 

Trtuidod: Victoria Instliule^ Port of Spain. 

Tunis, via rrnfiCa 

TiirJcoy; American Board of Ocmmlsatoxiers for Foreign Missions. Boston, 
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OllclfMl DepteJl*. RefMirto j Ofinjc lDt€nmcLaiinl, Mootevld^^^., 
Venf^tw^In : BIbllotecn NjictotuiJ, Caimca^ 

Victoria: Fubllo Idtjrary of Victoria, MeJbotjroe, 

Wert cm Aartitiilii: Fdblle Libmty of Wcatero AustreillEi- Penli. 

^nxlbar« (Scat by nantl.) 

In coocJartoiit U la my imd duty to word hem tbe dcatli, on January 27^ IDIO^ 
of Ferdinand V* BertyH Clilaf Cierte of the intematLannl Exchange Serv[o& Afr. 
Berry vma appointed na cleric Jarniat^? 0, 1SS4| and been me cblaf clerk of the 
oichongeo on Jaly h 13W» During the twenty-alx ycors tJiat Mn Ecny aerved 
the IztEUtutlon hJa work was falthTally and clQcIcntly [Hiformod, and hla iosa 
la deeply regretted. 

* Itcspeclftilly anbiuLLtoiL 

C. W.. 

Chief Cfert^ falomurinaff? E^hanffts 

Dr- Ceeau-ib D. WAtOOrf, 

Jffrc/Tjfontr 0/ the Smithiirm4^a InvUtufion. 


jVPFENPfiK IV, 


BKPORT ON rmi NATIOKxVL ZOOLOGICAL PARK. 

^in: 3 hurt tlic> hniioT to prt'Penl hcrwilti & reitCfl of tJio o|if?mtlon$ of Xh^ 
NHtlniml ZCfOliseEcfl! Parfe for tlio Dscul yrar etulod Jwio 20^ lOlO, 

Ttio hpivroriPhiiioD for tlint ^ear wns $£15^000, nnd (be fintottnt for 

current qiaiiilooimw wna $S3J0tt.&^ 3t?nv|fiEj |jiit from wlitcla to rnnko 

neceesnrj" rpiMiitw nii^I nxtiTiialonFt of ktilltHiiKiip Ituprovoflieflt^t ^if and 

cmnnd^t^ onil fliklltions 1o ibo roUeetion, 

The biTBOflt Btitn oxiiendM for nn^ tme oUJwt wEis Itmt of ^,^1, for tbo trails^ 
[nrtntloii <if unitootH from Afrlcn^ a detuHetl nccoxint of which li$ oppetuloci 
hereto. For tho ncu'vimiiirKbitJan of tbeae nnlinillfl Altera ttema nnd ndilltlanif vroro 
niDile to the tiulli^lDgi fllrondy In nife*. In the extenFlon to the lion a 

niurher of Kninll mid com^mrinGvely sllj^ht were renioved ninl six now nnd 

Ifiracr nnea, fttfong otionsli to bo3d I Ions eitkJ other l«r:;e ente, were* bulH In. 
The nntelotH? hoiuM? wns enlnr^ed by no extension fiO hy fiO feet., thiiA fiiml^fn^ 
ten nildltiniui] atnlls und n nivleh neecletl new enlmncv, Tlie bulMEn^, ahljoii|;li 
very aim [do to eonstmetloUp now EidmlrntiJy rtdA|ited for aecammihlnlloi' rlslt- 
onj, linvlng tliroo ontmucee with ron^enient njiproaetiee^ The new atalla or 
eni^efi nrd providL4l with trommcKlIona ynnlA, wbieti were iienriy completed ttl tbci 
flofte of thu fiscal year. 

The llrst wort of Hin ynar was the oonstmctlon qf a suitable pool for vm 
llEiws nud Foaliii* wlitcli was oatabHahoil In the wooded volley {h^eupled by tlin 
taHivor. This pqo3 Ifl 4! bj 06 feet^ with a depth of G feet 3 Inctiei^ It tjaa a 
flbelter tioriAe of Ptontt Ample bunkflv and n level hcnfder» the whole inrloned. with 
an Iron fence 

Two watchmitti'a bourn were plneed at the park € 111 x 111100 and n fln^ pole 
was eroeted on the hill Booth of the Hon hcoise.. 

ThiP wap all ihe new work that It was possible to execute from the limited 
DjuouDt avallAhle. 

Minor Improtinnents and repairs were made as follow^ 1 Concrete nteiw and 
walk to the bird htMiie: roonectlna the culvert In the beaver \alley with Rock 
Creek Power; isilntln^ enpet aurfaelne irravel ami tinder wiilks; mnktng 

a Bervlcenblc load to the con I vault of the central 3icatlb^ planL 

Sfuch of ihiJ* work tt has been possible to carry on economlcnlly by the iiao of 
stone from n quarry tn ihe park nnd of Band and grove] from tba creek. 


The foilowitiis Is a tabu Ear irtatciiient of the coPt of this work ^ 

Alterattonn to 3l(m house_ _________ _100. 00 

Addition to antPiDiHO house, with approach^ _____„ 2 , SOO.OO 

Sea-]loti jKiDii,^ Including stonework, concrete couslriicHon, fenclni;, 

jandin^:, planting, and walk — __ __ ___ ___ 0 . 025.00 

Two watch bunats i125 aaeh __.. . _ _ _ 250. oo 

ring iwie -.-—------ moo 

Rteps and walk to bird hous^, _____ ilO.OO 

Culvert Eind coniieetlon-,.,^ ---- 606.00 

B^lntlng flying .--. _____„ 425 , 00 

SurftiHng wulki? --....--—_____ 600. EXi 

Road to coat vault^^^^ - -- - - - -1215.00 
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ArucAN ashtal^ 

While the Sniltb^onliiii Expedition wui^ in ItritlEb E^3Bt Africa Mr. Wf Nf 
of Nairobi, pre&ciatcd to tbc pork a collecLon of AfrlcAo anlmala 
wliicb Uo bad i^ntlierei] nt \i\& |>lact^, Jnja farm, oltout 25 loHts from NalroUL 
The eollecHosi iTtcludcd G Ilons^ 2 ^hcctalus, o leojtarc]. n Graiit's ^axelJe, a si*iirt- 
hoi^T And ^voml niiuller maiuiualE nnil hlrda. It wab thought advisable to 
tbo BnporlntcndciiE of tho park to NniroLl to otteuil to tho elilpph^^ 

and iroine throng with aulmalB^ on aeriiunt of tho ImporUiiec acid vaKto of 
UiiR C'^illoctLou, ninl tbu fact, Btat4xJ by fJio Sinitlofoiiioh Lliut oiUor doiilr- 

tiblo tcjicf^riiicnfi, III ready In cnptlvity, couht Ih> utjEalniMi In the rOglLiii nl>i)|it 
Nairobi, ami also because at the apecla) preeonUoiLti ix^Lleb thc.^ AtTlcultnml 
imTtmont ri^rjiiLrcd ti> be tnkeu in order lo previ-uL thiF EntrcNhictlon of con- 
tuglooK illjsijflS^, i.ltlior throuEEh tbe animals themselves ur by meiibs of food 
or other jfuliplli.*^ obiaEued for tboni. He left Washington toivnrd tbo euil of 
Jtity, and returned with tbe nnlnials I^eccmlter 17. Shipment from Alotn- 
hana was luado October 2S by n idu'^iunT of tbe Ccni]iagiLLe dirf ^tcfMagerlea 
^farLtlmesL At Port Knid tbe niiiEtLULls wore tnimfferrcd to ii Ej^bler end kepi 
tliere^ without Ijindlug, for thirteen days, nwaUEuK the arrival of si stoiiiDi-r going 
dJrectlj' to PhihuielphLi. The vayas^e from PoTl Said, by xi iienmiii freight 
atenmer, occupied iwenly-alJt ilays^ but the wcallicr was nnusunlly favoniblc. 
^MLti the oxcopttou of a few unlmuls, very recently eaptured or v&ry young, 
there waa no betw^ Niilriol}l and PhLIadelphtn. The rumluants imd wnrt- 
hog wore heid In nun rant Ine at PhIJndcIphIn for about %\x weeks to allow 
thorough lni!|Nccllon and Inoculation tcoti to Ihi made to detonulue whether they 
carried any comnninlaible discus. It is gratify lug that nil proved to he free 
from disease, since the region from which they came can fumish nmny liu- 
portnnt nnlmalH which me ns yet but Jltlle re|Jn?:*nls‘d In swological collections. 
Thrxmgh the klni!ni>ss of the PhLhidHphla ZoelogU-jil Society the atilmnls were 
kept at their gordenfl ilurlng the Htuo of guarantltie. The two eUeetnbs had 
died before flhltmiciit waa mado and the omJe Graqrs piitt'llc luid lnTn kiUed by 
aceideht. With Ibtpse oxoci^tlous utl of the antmahi jwfsealed by Mr. :\KAtllhiTi 
rf*achcil Wasbitigtcin piifeiy ami arc sitli at tbe mrk* tialr of clniid, n jidlr of 
Coke's hnrtchee^C a walerhuek, n (UrtLiit's ichRi^ and n baleleur cnRlc, which 
iverc inirehnsRtl, reached Phllndeliiliia hi ntJiisircnIly cckhI condEllon, but the male 
ebind died of Impnctlon of the Intestine while In qunrnntEne. A young ntale 
ehlnd wns presenled by Ijurd Hein mere* hul, hclng In jwor eoiidltiou w’bcu 
receiveflp hvisJ only n few^ dayr^ A pair cf Thomson's gnzello and au Imiuila, 
all very younff, and a tialr of w'liltc-bcfirdcd gnn, caught just before shipping, niso 
died very so*j». 

Mr. li, rloldltneb, nsslstaot tgiTiic raugcT of British Eitst Africa, iiresentod 
a hyras and tWi-o s^HFelmeiiif of I.opbIoniyi 4 * a mrc oiid little-known nklnnt. 

The 21 nninialfl which reached the Unltcil |4lnlcif includEAl 15 epecLcja, of 
which were st»ecleti or HahsiS'cli}^ not at uny time before ropreseuted tn the 
Collection of the }\:iTk. Tlie lions hto of the stihs|ieeEea known nA*' Kilimanjaro 
Hon*" Ico jfaboUf'atfj). 

In aminglng for trunsportallon It wjut neecssnry to go to T^mdoii and Ham- 
burR-H amh taking advnntnge of tho opixirtunity, brief itaSts were injide to 14 
Enologlcnl gnriJeus En Europe, nud the Glam Gnrdau. Ufjar Cairo, w^aa visited on 
the return. 

The oxpcndltur€?fl In connection with Ihcse anliutils woroi 


{^''relght, bniilingp aud Miieones of tramadilpplng,,--- ^2,7^15 

Purchiiso of nnlijinls___„___ 72 S 

Chgcfi for HhJpi>lQg^^_^_________4M 
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Food for anltnjila_____^-- ------ |Jp30 

TroDJfportfltloD nncl KiibftLBtenoL* of A, B. Baker - 

Help wJtL nnlmfllap Bervlww of ntteiifUiuliv irratuldMi lo sljlp'fl 

ofULiore^ €tc -- - ---—---— IW 

TeIei,Tal^ anil cable nieB&aiBftS ---- —-——___— 4^ 

MlFwllaoeons_._- --- -- -.— -—— 


_ _____- - -- --— &, ItLn 

I'lilrly-fonr spwleis or sobapeiMpH new to ibe eoltei^tlaik wen^ OKlitbliteil ilurliit; 
tbe year, Inehidlnir: 

Kllttik£L[|Jari> Knn, VH^nfm watorboeb. Cnpebyrtti. 

Cloiidihl leoratrd. Grant** fpiBolle. Sliort'tidied engle. 

tiiilljiTi tapir. ^fu^tJM^ Wurllho erewted eat'le. 

Biifet cIiiiuIh Grant’* Kehra. 

Coke’H tiartelieeat. Kortliem warliioj^. 


Tile PJOflt !mp*niatit lofses were: 


tndTatii tapir, 
l^iiit AfrIeaD elfind, 

2 tliieky Mounlnla flbeep. 
^ mtiloiteer. 
ileSndeGT, 


Dromiedury. 

2 llnmnii^ 

2 Jiignurs. 

2 T^aumnlnn wolvi-a. 
2 leo|iard& 


2JablriiiL 
WboGjjlng erttufi, 
XorOi Afrti^nn o^trieli. 


One liimdrcii and sl*ty-two dead aniianla were sent to tbe National 
Aiitoi>Siles worn nindo by of the Burenn of Anlnial Industry on frtJ 

anlniaiK, fdiowinj; enuauH of defllli ae fbltowa: 

ITydropMloaia __ 2 


Bnenniooia - 22 

TisUerc 111 osi* ^ - - - - ^ 

Pulmoimry cnn^teatlon --— 2 

Aapoi^llloiila —— — f" 

Gnatro-enterUlA .—- — ^ 

Enlcrltlfl -- 12 

Gnsirlll? --^- ’* 

Hemorrbai;li:^ nutentSa,, ——- ^ 

xNopbritia --—---- 

I'lalty de^renorniiob of ilrei% - 1 

Poriton I Els —.-—- — - 

Metritis - — 1 

Intetdliinl ootTlillools -- - 5 

Q?rCOTll01llB8l!f ^ 


ProletiiEtkacllloBia _ _ l 

Poroe^epbalns liifes^tutloti ___ \ 

SepETeemln ^_ l 

IntoEtlnal pnrnsItoH __ l 

Entorotoilaia _ _ 1 

I'uuroiitlc jiirtn£e--„, —__ 1 

Hveraloti of rectum __ i 

TmEiHuitf^ __ 1 

AliilniitrlUou from fnully tefdb 1 

^ufToeatlon _ i 

Old flK-e __ 2 

No ouuse fbnnd ---- it 


TisiToim. 


Tbe number of tIslEora to tbc jiarlf durlni; tbe y^r wan 72ltf>fL% a dally atenigo 
of Tills nnmbfT la nn inermae over the prcvlona yeor uf irpU,31d, ami an 

Incrouse In tin' dally avorase of 4S0. The Inreej^t number In any iiLoittli waa 
I5d,432, In Mnreht lOlDp a dully avemge for the iiiontli of Ii,04G. 

Durluft tbo ycfir tbore vbdted tlie p;irk lb5 seboolH, Siimbiy seboobt^ eln^s, 
elc-i with puLilJa, n iiiontLly nvorai^o of 324 pupIlH. IVbllo most of tboni 
were from Elio erhy and liiiinetllate vielalty,, 21 of the schools wen" from nolgb- 
btiflng Stateit, and ela^ieB came from Faimoutli and HnverhUK MujssaehuBettsi 
Kinfford Sbrlnim. t’onajectkut t Rocbealnr^ t>over, iCxeter, and Newport New 
Unmpflblrci BeJiowa PallA Vertnont^ nttd Hanford, Maine. 
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*/ fAc c^fcrUoA. 

AceesslofiJi during the jvat: 

E^c«lv«d In exchange _-,— -- S 

Dcpofiltoil ---------- ® 

Born and batcbln] in Kfitloniil Zoolofrlcal t'urls,,,, — -— iH 

Captured In T^atlotliil ZdoIocIhiI Park -- --- 1 

Total____ ____—- 

FiiiaKXTfn. 

RbeiniB monTcey, Mla?t JiwUiiF lugc^milK rkwfton, Maes ----—^ 2 

li'oiaMDD mnoaqTic: 

Will EqiDp F- Wcngf WaskSn^ont D. C ---.,, . ^ -. _ _ _ _ 1 

G. R. Tompkins WnTf^alon, Va --- --—- 1 

^niiat nmenque, G. R. To-njpkSdrti Warreatan, Va—1 
HaltoOE^ W. X. MeMIIEuii, Nairobi, Brltlali East Afrlen...... -. l 

Willle-tUryatod capn^Mii* Roland DavK Wnelalngtan^ D. C__ . - 1 

LloDp \\\ X. McMUIan. XalrobL Rrltleb Cjst Africa - b 

LeoiMird, W. X. ilcMIlbiis, Kalmbl, Brltlah Euflt Amen - - 1 

Boj lynx* Adams Ex^^r^■a Co,, WaebSiigtoiip D, -- 1 

Florida lynxp lloi.vartl Elliott Wa^jbltiL^oli. I>- C — -.- 1 

Coyote. R. l\ Xciiaian, Englowood, Kimn ---^ :> 

Gray foip J. C. Unvemiifl, VVaohlngtou, D. C-,.,™,,-- 1 

Anierlnin otter, Frederic B* ICyde. Wflahlngton, D. - ~ 2 

Klnkojou. Surg. AV, IL Bell, ^ Xavy^ Crlstobnl, Cuoal ^Soacv --——. 1 

Common skunk* F. O. Dncbrlng, WanblEgtoti^ B. 1 

Ciiinauion lioar. E. S. Bmeo, B. S. Forc^ —----- 1 

Virginia deor* llios* WaurbluEton, t>, O ,. —- i 

Common gont, Jolin IL Mellonn, Waaklngton. tX C^- - 4 

Grant s enaello, W. N. MeMllton. Xstlrohl, Deitifili EaM Africa -, 1 

Xortheni wnrGtOg, W. X. McMiTlaiip Xalrobl, Brltlab East Africa - I 


Ijopblomys* G* H. GoIdUftclu Asst. Game Ratigorp Xolrobl, Prliieb East 


Afrtai ----------- 4 

HngllsU rabbli: 

Mrs. Birdaalb WeablngtonH D. C .. —- ---- --- 1 

Mrs, Street Wasblisgionp D* C_- -— —, , . , ■ 2 

Common ojiosanlu ! 

CbJirles I- Medley, Victoria, Mo—--^———- 1 

R Droop, Wnsblngton* D. - --- - 2 

Tho Frosldent Wnsblngton, D. —- - ----— 2 

D. l_ Cnen, WaisbtagtoiiH D. --—---—-- - - 1 

Albino ciHiHsum, donor nnknown- --—--—--- - - 1 

Spnrro^v ha^k. Mm C. MuAndrle, Wj'ililngtou* D. C—— 1 

SbarrJ-Blilniind bn^k, E. L. Burritt Wufbtneton, l\ C- -- 1 

Hod aboutdcrisl bnwk, T- HtiniuD, Wasbingtonp D. - - - 1 

Bald engle* Ool. R- h. Moaingne, Wanblngton, D- C-^- --— 4 

Warlike crested engle, W* X. JlcMlUnn. Nairobi, Rrltlsli East Africa- 4 

Hawk, W. X. McMIllnm Nairobi, HrltLsb East Africa.- - - 1 

Egyptian rulmra. W. K ^EeATIRnn, NnJrabt, Itrttlsb ESn&t Afrira- 1 

nieated vulture, \\\ X. McMillan. Nairobi, Rrlllfib East Africa.- 4 

Great liorned awl! 

Jobii Ricketts, Fllntun, P»--- - - - - —— ^ 1 

Donor unknown___— — - — --— --—I 
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Bam uwh 

Br IL OmplJfrll. WftslitiiirtoTL 1>. C .——-- - 1 

Dr. O. Tjcmiimn* Waablns^on, D. ------ I 

^rcMli owl: 

Itii^iuoucl CajDpbelt, WashlEifftiiru D. C- ----- 1 

3ktra. Artliiir L«?, WliilLlnti^ii, P, C-— ----- I 

Rwl and nihl lilue nmcrow, D, S. ] 

Rcd-shoTiklpE^ Anmzoiit Mrs. Btebuell, WasWEi^tciij, D. € —- 1 

Yollow-fronted AinnaoEu B. Aiunox, TTondiana. - 1 

Pflirnket^t: 

MruL Lelgli Uuut, Md- ----- 2 

B, Tcibniitn, TYniailnfftOn, IX C, — , . . ---- - -- — 1 

Common mnats; 

M. WsiiJiliiglun+ D. ____— 1 

Mm IT. C. ^tleuarf^ IVfislilDptou, D. = I 

Ciitler Vickery, Wnisliiiigtoii* D. CJ_. -^- 1 

4ti.v& 3imrrniW% Miss M. HrUKni, Wftadiiogtoit, C -^, 4 

Jiin^te fowl. Dr. C. B. Dttivriiiicirl. CiiSd iSt>rltif* ItJirliof^ N. Y2 

Wood (Ida, A. AL Mcbolfion, Orlumlo. --,- 2 

WhtMtlliEi^ aivau* Jilrs^ FltKsernM. Wflstilnitiini, IX ___ \ 

Bmiit Dr. CJoftllng, Wa^Ehlnj^on, D. —__ ] 

ARIgator: 

^fatk Rkiune, WanlilPfitfUi^ D. - ---- I 

MSse C. lltLrtidrtn* lVaaUSD|;toTi, D. ... .. .. 1 

Dr. \\\ S. nnHmii. Waalitrmrton. iX C——- — -- 1 

DeFx Lanier. ’Wa^liliiirton. D. - 1 

Edtinir Slirete. WasiilDirtoD, D. C __ 1 

Mrs. Mary Bnrtlelt, \rm MUford, \\\ Va -—__ 2 

Gila monster Gustav Frlebus. WasthlnfftoTip D. -__ 4 

Hflttke&aake, O. Up Wltlte. WosWii@toTi, D. G -- 1 

HLaok fiiiake; 

W. V_ CoJCt Waftblaptcm, D- 0^_^. _____ 1 

Thofl. C. JolmReii, I>e(iiiw*ood^ U. C ---—.—___ 1 

TToilEie mirtte* Tboa. C- Johniioa, Deanwooik D* _ I 

darter enaate, II- IX CarL W^ashlai^on, D. ___ 1 

SUMUAftYi 

AntiJHilB ail iLanii July 1. 4000^™ ...—__ L-Pll 

AeCeaalous diirkiK tiiL^ ______ 3(rr 


pefiact loss (hy exebaoize^ ileatt, and mamlnj; of aiiliiuil»>__^_ ____ 2 \^ 


On lifttiil Jane lOlO..., ______ 1 ^ 42 ^ 
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Besjiectfully sukiuUteil, 


Dr, CiiAAkES }X WAtcodrr, 

^Trrretai^ nf the inMHtvtion, 


FAa?ss Bisca, 
;9uperintfn</caL 






















































Appendix V. 

heport ox thp: astiiophvsioal oqsertatort, 

Su; 1 Lave tlio hoDor to tLg fullowliiii report ud tbo uperatious of [Le 

$iuttli»(iiilan x^BtrophysEcal Observatorx ftir (LeyijaT cudlut; June 30, 1U10: 

E<|i7mi E?rt. 

The cqulpuiLmt tlkE« filiRerTalpr^ itfi fuHuwitt 

(а) Al WaflWiHstiin, In Jiu Incrlu^nre of uhom lli,000 siiuam ure cft&tnlned 
five FniiitJ fmiiio bulldlu]^ used for obisertittir And comEiudng i>Eir|idji4eis, thm 
movuhle fninic dhcltors werlng Rovcml out-of-doar piece* of nppnrntoAf Aod 
Qlsa one snmil brli^k bnlldlbg conmliiLnt^ a slornf^ hiitlefy and clectrlenl 

trlbutloEi Dpi^ankliiEc. 

(б) Al Mount WHson, Cabloruhi^ ujwn n lcfi»Ad plot of i^ronnd 100 feet square 

In liorizoDl al projwtloiu a re Itjeated ei onc-^oir cemnot AtrueturD, 

deflljn^ed especially for lAilar eonfitnnt meftsurementflf nnd also a little ffiimo 
croltAip^t 21 feel by LSS feet, boltt and fumlRhed Inst S^^dnuibnr for idjAervci^a 
iliiArU.^rM< It |m niiElily RatSafaetQry to note fyoni itie dwreiifii! In probable error 
of thy ubserviitSoils Aoenred Ju 1»CJ9 un Mount wn»on, a)ini><irad with tnose of 
prevluLi* Umt tho now eenient obsnrvatory lbore+ lorn ted qa It ta fnr froia 

tbo duBt, smoke, and dislorbancre* of Hi*: othnf pirtii of the caodnlnlu,, Is oscol- 
lonUy AdntdDd for E«eetirlu^ the nwat exftet Fesulta, 

WOBJC or THK VEAL 

The jireftent resullB lire of uncommon IntercAr, for they appear to fix 

with In liarrow llmils ilio value of ihv solar const nnt of radSotSou. Wben In ISMJ^ 
the drat attempts were niado here to bieafttiro It, timt dfat-miik noustant of 
mUnrOp tlin Intonalt^' of liinsnlar mdlntloli at thu «irtli'* monn dSKliincfl from the 
suDp wns unknown wlthlu the wide mn^e between i»T5 nnd 4 cnlorlea per square 
centimeter per ml unto. This rauEo of vnlues Is given, with a prefcnnira for 
Ijmijlrn'M value (a calories}, by Hiinti In hSs Atahdartl work on mnteorology, 
jmbllsbefl In lOOTi, 

It is Improbable tbat thU obspri-atorj' would have contlnncd Elnce ltKJ2 In 
BOliir-eo»4tAUt work bail tt not heon that the resultv of llklfl eave strong IndlcA- 
tlons of conalderablD varlabUlty of the aun lu short tnlerrals and that Eciier 
work also stroni^ly Hupiwrtod thla preatltoi^lon. The lalo dlreeturp Svcrotary? 
Ijin^iey, ahafeth with mniiy other* of the mo^it eomiwlont Judges on the wubjech 
the Imprc^lon that to detormine the «olar eonatnnt of rftdtAllan with auy ooii- 
eldemhle degree of iiccutncj' or certainty was, If not Impossible, yet a thing 
which would probably be loiig deferred and would hivolvo spcetm^bolonictTlc 
nifuiHumments at the highest possible nlUtudes m wbIrU mm may He 

did not at all belSevo that onr results of lti03 spproxtmut!^ to the true value 
of the solar eonatant but only that ihoy mSjdit be m far indcpc^ndetit of orditiary 
ntmosphetlr chnuges as to lie n¥ed la determining the [irobablllly of aobir vnrl- 
ohinty. Hence^ In he Instnielcd the present writer in limr In mind. In 
going to Moutti Wilson for the drat time, thet U was not the solar constant but 

TB 
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tbe of solar vnrlHlillily wIiLch wiis Uia rtffiiU to be determined by tile 

exEtedliioii, Tbla Inquiry lias^ boon tbo prliuiiry one In all the aub^ 

qiient wert, but not to the exeluBlon of ottemtda to fli the inlno of tUe aolar 
constant Itself. 

There were at that Umo two principal and seemlnK^ formldabJe dUl]cultlei!l 
hlrulorlnq the detenu! EuitlOb of Uio solar constant of radiation. First, there 
was no Instrument nj[uble of absorbing; fntly uml adiipied for nicasurlng com- 
liJelely the euerjry recelred at the earth's aiirfaoop nieeptliigH perhapa, the llttle- 
btkciwo und rarely nned tofftniuH^nt Invented by IV. A- xMlebolsuti, Jtutdiila, atpout 
there woa grave lionbt If n true esrtlunite of the low of radlntldn 
III tinverstag ihe air eouli! bo inodo. Langley hnn twiiiewherc descTlbc?d the ttrst 
nb^lacle ns '' fqrtuldjible/^ ihe socoiul us ^^iierluips lusurmouiitnble/' 

A» atatsd hi trrei Ions roinunst inucb utfcntlun wuib given from ItPOfi onivnrtl lo 
dcvlHliiu u standaril pytholloinctiTt liiiil tlnis establlshlog the nlksolitle scale of 
md la thin raertsurementa. A rrimsiilernble iliTgreo of $eonied to ho attained 

in JDOO, bul iba results obtnlnecl In that year were fnnniK l>y comiiarlson ivlih 
InstniiDeuts of the United Slal<*a Weather Bnri'aii, to differ po niueb from the 
gutionilli^ adopted scale of A.ugslrH.Hni that further work, tnvolvkig Itnaily tin? 
eonstructLou of two nddltlonul wnteMlow pyrbellumeters, wiiu done. The lasrt 
of ihi^^o luiHrriments, and by fjir tho most [jerfoet of them nllp was coiup^etoil 
and tricil at Mount Wilson Iti Octiil>or, ItWft. A fairly cIoho njttecmeiit sfotLied 
to hold Ikoiween It ami Its ImuHNllnto predocessiyr^ hut when ihe eleetrlcat coh- 
iRtiiata of itqtb liistriiiuonis woro detormlnml w^ltli oxtreaie otin.^ In February, at 
Wntdibigioh, by Aldrich, the gap widenA soon^ of error, tin then 
little repirdcKl. waw reconsSrieted. and imla^lnklne campnrlsons of {lyrhollomcterii 
were catTb'd ihcotiKii nt Waflhlagtnn by 3deRf*rs. Aldrichs Abboh iinEl Fawle- 
Tbeso were Inl^^lied In June, 1010, and the two BtEkmiard pyrlieltomoters were 
found to agree together well wltbln the probable error of the highly aceunite 
expertmentB. Not only so, bnt each Instrnmeut wnv found to take Up and 
meiJSEire between 09 nnd 100 per cent of such varlmni quantities of electrically 
introduced boat ns were used ns testa. Fluany these deflnlio nicnsnnHxaaits 
lEidl^'Utod tlujt while tbo results publ labial nt pqige -10 In voluiiai> 2 of the Anna Is, 
uiiiile with standard pyrbellolU'f'ter No. L are 4 or & per cisit nhove the tnjo 
ai:aie, yet wbau oil the oxporltueuta umde witb tliat Jnstruaient, at WRahluctoii 
an well as Mount VVIIsou, are ctiUeeted their mean resiiU 1 b aljuost la exact 
ngnTOmeut with the results obtained in I&IO wdth Mandnrd pyThollnnietor« 
Noj 3. 2 and 3. 

It may nuw be accept'd thiit tJse ubsoluta *<eak of mdlutlon Is estnhilsbod 
witbtn three patis In l,00t>, and thfit we may exproKs nil <iur nioakijiiritmentH of 
solar nkdiatlon mndo sinew 1002 w IlL this degree of aecumey Id ubsulnte i-alories 
per square eentimntor per mlnnta. 

Three Kecuudary pyrhellonieiers, I be cost of wboi^ conatnicilon after nay 
desl^s ban bean ilefmyc^d from the HoditkLnu Fuud- Imve been standnrdbcd and 
sent tu ttusiilri, France, aud Ilhly, Two others have been sold by tbc lu^flitutlon 
to the United Stated Agrfenltnml Doparixuimt, Thus steps tioiug taken to 
diffuse the Btandnrtl scale of pyrhellornttry* Tbn new ueale ts ubunt per cent 
above that of new Angstrllm pyTbelloiuotectt 

Tbo seconil obfirtade inentloiu?d above sooulb now Icaa serlouu than the first 
It was found in lOOG nnd lOCMI that practically Identical vninca of the solar 
conspiat Tesullrtl from good series uf E^jieetTo-lxaloiiHdrlc obsc^r vat Ions uf the 
same day tukon nt Wnshluglon iim level) and Mount Wilson fwt eleva- 

tlou^. tint Id August, 1900+ ilr. Abbot nsevuded M^niut Wbhney tl4,G00 feet) 
wdtb a complete spectro-bolomotric outfit, and, nutwitbutnndkig mjLuy days of 
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unpromJpiDF weatlieri on BciiteiutM'r uni]or tht mont sEy anti 

Id nxce;itlonnlLy dry oSn In nulkSnE a com[iiEele nnd fuitlsTaclory of solar 

coniTtniil: mofurnroiuenta. A pri™ of onorti nnil two tnli*Tors of mnfmaliuin wi?ro 
llic ouly opLlml parts to ztfToeE tlie rflyM. so that It was ptisaitln to otwire fnoTw 
wHTO tongtli 0^ it. to wavo IcmytU 3.0 Tlds retjlou Ineloa^^ not only 

all thu vfsiljlp but tbe uttra-tiolot nnd Infre-rod spectm, with BUiacJieot conir- 
pk-tctli:^ to Indtiile In the dlscuaaloD nppfiretitly wltlilu 1 iior Ctrnl of all llip 
raya wbkli tke nnn midw tlio onrlb and to ninkt tlio allovTanco for raya not 
■nEsGn'<Mi fimctiraiRy Hurc, iMirttiEf ito sumo dny Mr. Ingorsoll oliscrvi‘(J wlih 
Itio iinuiil eouiploto spectrodKJloiuetrk* nntEt on Mount W’tlawUp and blu iroaiJlts 
wt^fo In nct'oni wliE wimt wuuUl hv iFiiipeiod fronj h\» iprocoiiloj^ and foUowLa^ 
wtprk tln»ry nnd n^in-vil wUliJn 1 iM-r cunt wltb tlupw olitaLiiud nEinultnmfOQBly 
on .\toinit 

ItP View of tlin n£^rL*cmunt of retmlts ofp tbc solar constntit of rjidlatiini ot3t4J^Dtfll 
nt iscn Ifrvel, 1 hillcp ELikd 21 iidIcN eleviitloii. It now is*4-ma bli?lily |iroTmhlo iluiL wo 
can really l>y Lant^lcy's oietlioil of bojnuipiaioous rays allow for in Uio atr 

and Kct tbv ftumn vnlnca Ilia I wu wotUd observe dT^l^■tlJ■ If wo could tako our 
SaBtmnjuiiti^ alwvo tlio air iiltoj^tdljer. 

TLo roduetlon of FtKvtm-boloiytniplijc work to tho nbsnlMlo scale of pyrbollo- 
luotry ouables iiw lo rIvo ns the uveciiRe vnldo of ibe eolcir conatuut of rsKlblliou 
for tbo u[jocb IIXG to 1S30D, 1-024 calorics iJCT srimiro ceutimctor iwr inhiutc. It 
Is probable (bat obseriullona ut sun-Biior minim inn will tend to ttilRe tills value 
by nitber mure tbftii 1 per coni, so tUnt wn may sU|sfwKP£- Uic nn-un value of ibe 
Bfilur cQustiint for a comploto siin-apcit cycle will be nbout U>G caiorleft^ 

Ex‘i>erliiK-ntt 4 made In Idoy at Blount Wilson wltb \Tirleas o|rLScal sysieuia 
agroo wlrbln tbclr ijrobjible error wlili one unotlier^ and wUti tbe results obtained 
OH Mount Wbltiiey In dxiiij? ibe litatrlbutlon of energy In lUe spectrum of tin? 
Bun oTitBldo tbe altnoKplicn^ In I be Mouui Whlrnea' work the curve of *>ncrgy 
lilBtrlbutlon wnw folhiwihd to a wave-le-unth cfftlmaii^ I not verj' accamtely) ne 
oj 2&^ and It tlicre pruetleally rcacbed ectu iDtou^lty^ ultbousli the quarl* and 
niagnalluni aptairatus would bave hoen caimble of irausmlttlnp tlie rays, bad 
they eai>«ted. of much sborter wnvc-lengtinc lu i1k> siiwtrutu of tbe " iwrfect 
radlnlar/! corref=l«iudlDg to tbc aiiimpcnt teuiipernture of ibe sniin tbu intensify 
uf tbe nltni-vloUrt rnya would be uf sonse Imiwrtmu’tj for a conshlembly fart her 
strotcb of vviivCHlcHgths beyond this. It therefore npia-ara that cltber tbe enrib's 
atiuosi'ibcre. even alwlve Mount IVbllncy, or else tbe sun's onvotoiK% iitfectunlly 
binders tbe solar niya. If It la tbe funner* then U mny Iju that tbe utwvc-nH+n- 
Uounl value of tbe JHilar coiiBtant Hbould stlU Ik* mined a few ja«r ccut. Rat tbe 
kiniwui iHjwerful Bclectlvn abi^rptlun of vai."[>rft In fhe aim's oiivplo[to seemB unite 
tonsou 4 ib 1 y competent nione to priMlnee tbe obiwTvod wiyikncaii of Lbe solar 
spectnim tft tbe ultra-violet* Ttila view ts eonllrmcil by esperlmeutp uf Mtetbe 
and tjebmanii* wbo foiiisd no exteiiBlon of Lbo solar athectrum with Incmnalng 
ekwntlon, altbouRb they ah If led Ibelr ubservlng Btatlon frotu Berlin <EiO meters > 
lo Munte Uoaai (3500 luoterfljp thus irrcatly dlminlsblnR the layer of alf 
traverBod. Tliuir sbortcet wavt-lnngtb wna closely agnjelm; with oum. 

From our €£i>erlnwnl« of 1000 tbe atisjarent avemi^e sobir lemponituro la 
ij43d\ flS40% or ll200'’of the absolute* nccunllug ns we follow M'len's dleptiLce- 
iiicfit Ij!w, iStofan'fi law, or Plaiich's Inw a& the method of camputatlon^ But tbe 
temia^mture of tbo sum apart from thi' unccrtulnty of Icrtns w^hen dealing wltb 
Buch high Taluufi, is probnbly a quantity wblcb bus sety varloiia niluea, from 
tbu eoutiiT tu tla^ Uwib of the dlsdc, depondtng on tbe dejith w Itbin the aua 
□ t which the ra Ella t Ion urlgbmlCB- 

At Wnsbingloa aicR^riL Fowle and Aldrich have eonltmied esperluieats on 
the tranaDilBslon by moist colanms of atr for long-wave radiation, tbodiffh wltb 


7G ANNUAL II?STTTUTIOK^ Iflld*^ 

EiiiLu^ inC^mpElons duo to Uio dlf&cuUy of tl*e nesjciireli. The work hfla been 
cnrrli^d to wnvC'-SodEtb tiorotid 15|i 111 tbe Infm-Ped^ and for colomaa wf ulr SDO 
foot lot)er+ It le hot ^$t po^Udo to vunuDarlze tho rvEullR. 

FowSe nnd Aldrloli uud Gnifos Imvc mu do rapid projirofiB wltli 
Uie reduetion of eolar-constimt wort of 1009. 

nxpE^Ttmmlfi havD been for the purpose of dovKaing tHCuaoiufoni moiiiiB 

of ntll being ooliar exiL-rsF for doiueiitlo piirpoaes^ 

rEB&QXJtKU 

Dr. L, R. lugereall ^rvod a a t 0 iuiK>Tary iKilomotrEo asstatnnt on Moun t Wi lson 
to September 0^ VXtSt. 

^Ir. L. R Aldrlcb wna gtron n tompomr^ apiwlntuiout ph bolometrU? fiaalf^tant 
nt WaaMiigton beginning SOptemlior 1, 19D9. Ho iiastsod a coniiftetUEvo 
notion uud wu9 renppolnted provLalonnlly on .Tatitiar^ 10, 1010. 111a miPiMjlnt' 

ment waa mndn permnnont. to hogin JiiLy lillO. 

etraiMAalTp 

Tlio work of tin? year la notabln fur tbo di^tomiltmtlQu of the absolute scale 
of pjrUelloinetry ciud for tbo success of spectroholoractrle obser^iitloaia of tllo 
solar constant of ntdlntlon on Mount Whltnoj, Th^ agree wdlh EsImultnniKaia 
obserratEons of tbo sanjc kind on 3hlonzit Wilson, Reducing tllosc elikJ otlicr 
reemlta to tlie absolute walr of jiyrholEoijietryi mtij fli the nvonigo vnino of 
tbo solar oonstnnt of mdlatlcin at 1.025 calorlca ]>cr Eac|naro cautjniotcr p«r rulnutn 
for tbe opoeb RKIj-IWW. Mnklng Rllowance for tbo lilgbi-r values w^lilob-niuat 
prcrnll at sUii-f?ifcot mlnlmuju, tbe aolar tontfinit miiy be ostlEuatod at 1,05 cal- 
cpriea aa nn nvomgo vnlnc for u Bua A|iut cycltv Xo reason has been found 
for dfliuirtlng from tbo view berotofom bold that kburt-lnfervnl vaHatlona 
of 5 per cent or tnoro from tbls vnliia uftujr. Tbe energy dlairlbtitlon In 
the saJnr Hpectriini outside the ntmDsthbere hns been detcrniliioa witb the 
tH^lonwter cm Atunnt Wbltncy botwwn wave lengths In tbe ultrti violet 

nbd Wji In the tnfm ml. TbJa reglou npiiearp to eonratn full m per cent of nil 
tbo soJnr enetw oulsEde tlie atuioapbore. The apparent temrierniure of the auti 
us computed by tbreo dEfTeront jnethimla comes out 04^Ea^ r>SJ0*, and GaOd” of 
the nblkilute acale. Rewenreibea cm the transmlsatun uf moist collinins of air fur 
lEinBiyiitc my a. aueb iik ilie cartli cm! fa, linve been coutlnne«l to wave lengths 
beyond ISg, and for cDlnnms aC air SOO feet In IcngtlL Secondary r^jrbello^ 
meters, slandjirdl 20 i| to tbo absolute scale, bfive been aent to Russia, France 
nod ItuJy, and ulao furnbbed to the United m»lpa Wentber Burisixi and D^piirt^ 
men I of Agrlcaltnra 

Res^aTetfulIy RubmUted- 


Dr, CuuuxB D. WALcwr, 

sycemarv of ihc Aron fan /a^/jlufton. 


C* G. Abmut, I}iTeeivr. 


APPENDt-t VI. 
REPOKT OX THE LEBRAJlY. 


Sji; I Iia^e tho bon or to [tresent tlw follDwInp report on tbc aE>erntlnnj of Um 
U brary of the ^inithsonlmi lostltutfoo for iJie flscal yrrar uEiiJIiit^ JuiHf -10, I&IO: 

TImj noc^^lonn for Uic Smltliifonlim Hepo^ltt Ijlliniiry of Cun^tvfiSi 

tiHmb«?riKl %*m SU570 partH of ^oluiuoK 1,30<J iiisd 132^ t'UurtA, 

xuiiklnit a total of T,55I iitthlScflCloua. Tht; aoQ€®a1oa iiomt>erj$ nni from 4S>r>,Utri 
to QOD^OUOi Tbese pubUcfltiotm were fonvitittiid to tbc IJMrtirT Coiijn-esa 
iiiLiULKlIutely mMii tljolr roceljit ainl I'litry, In llit4r tmobnuI^iotL 270 boxes 
ti'i'-n? roQuIreiL, pfsiilEiilnlnjg^ oiiproxLiuiitely the eni^^vulvut of lO.STJO’ voluoioji. The 
ncttiul number of plwt-* soqU SiictOtlSniS poTt& of iwriodlcnEs, iiompblelei^ and 
voTximoHp ttuitibercd a0,&2fiu Thia atAtemctil does not. bowererp inchHle ahoilt 
2,045 parts of sctltil puhdcatluuj E«eur«1 lo exehaoRe to oonijalale sets and iftina^ 
mlttnl iteimmtelyH 

The luatitutlou lias rootSnued tbeiMhej of pubUe dwunieuta presented 

to It to the lilhniry of Con^resji wit boot Htnniptn^ or t-nterSn^. Tbe nuoiber «f 
pubUeutloOK BiTGn abore doc* not hiotuJe theae, nor does It Include Qlh^ pubJl^ 
tti Clous for the Library of irooj^rcM n?«lv«l threoRh ibe liitematlonnl liicUjnn?^> 
SerTU'e 

The llbrnrJeii of the Smltlisonliiu of the A^strujihjslcnl ObserTntory, imd 

Llio National /ajologlcal Park hii%e recelfeii 47S roltluies and ptimplilets and 25:^ 
[isrts of Toliiiucs and charts, nxakLug n tidal of 02^ pubUeJitlcas, and a ^ratid 
lolnlp Ineludliii; the luddlcntkius for the ^milbsonhiu de|)o?iLI, of 8477. TThe 
netuhl lit^reaBc In the ttuuilxir of pubUcatloas etiti red for the SimitUsonlan 
llhnirj- is not as fe'rent as would at Unst appear, owloR to Ihc faet thut la the 
present rextort a statement lias been made of the number of ootHpletcd roltunes 
acee^lorted^ rtitbcr tluin^ no was formerly the cuslujn. of the ntmibor of parts 
coustltLiltnj; a volmiie. SpeetaJ attention baa been gH en to che cbecklae up and 
coiiiplLdlng of the Smithson kin de^iosll sels of publE^tlona of setentific soeietles 
and learned instlttitloa^ of the worlds logether with Ike series of jHieuLllIc 
pcrlodleala conlnlned in the library. 

The iwirt^ of seHai pubileatiuus otitefiiNl on the card catalo^ie numheti^ 
20,772. ami l,t;P5 Hitpa for eompleteU totnmes were iimdcj 217 onrda for new 
jiorladieata and annuntis, to^thuT with 41S donor cards and IJl-i catalogue eanis 
for a^epfimte piihileatloaa were taade und ftled. 

Inaugural diRSertatlona and acfldomic pnbllcattoaa were received and aecea^ 
sinned from univorsltlcB at the following pioees: 

fiutek Halle an det Stale. St Petersburg, 

Berkeley + lielji^dg, UtteehL 


Vienna. 

WUrxburg- 


Berllti. 

Breslau. 

<^tax 


Liege, 

Lund. 

Parle. 


The eslabUshlug of nciv escbatigos and Ike sseurlng of missing ifcsrts to cofn- 

plete seta ot pabllcnttoos Ic tbo suttbsoDlnn ttlamry n'tiiilrea rhe writing uf 
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,1,201 rswultlDg In llte udditloii nt rvtM>wt 27T pt^rlrKlL(N)ls imO in llic 

ripcelpt ot fibout mSi^Dg^ partB. 

Ttie lllinirj Jms aeatn {!oopeniled with the rntemiitloiuil tlxchnnises In fiendinp 
to fnrcl^ coimLrt4» lIstH of yoTcniiiLeDC dixiumenti nnd F^rliii pcibllcatlonB ot 
thnl cIbj® dw 1*>U to the Bots In the LEbrar^j- vf CooErieES. In atlOitlon 

to the c^nnlrlL*^ ^iiuni^iroto<l In provloQB rcporEB, lists hnvo been sent to 

Natjsip SlRitciTnJ-r Smilii, ami Yone^nolDp 

Till- pnhIlcatlotiH In the foow being In iho main of a clnia not Ift be* 

found clHTsfliero, n renrly Inereft^ la to he nolE*d lu tho nitintM^r of i«>rtiottfi 
coiiHuItlng them. Tho rHidiTM hiehiile esciiintlfic woj?i(tT« not only from Wneb- 
Ington* hut from other Anierliran liiiii forelmi dtle*. Tbo litait 1 ih» wltlidrnwii 
ftur uineo uBo r>2 honnd volume of iTerlodlctilii and 5^,3^511 tmrln of sclentIfiu 
porlodLcals nml ^K^pulfl^ nsngHKlm^ tn Qtlilltloii, the Tnrlous burennn of ttie 
thiTcnittinut nuiiElnuc to nvsS] themBelves of the Opfiortunity to osc these jnib- 
noatloiitt ns well na those In tiie seetloEto] Ithrnrk^ of the InKtltiitlnn. 

The tHnll jrweintrt uumbt^red atiil 7,117 paekDin±H were recplveil 

through Ihe [tiKTuaiiounL Exelmnge ^rvl^\ The inihlleatlons eontnln^iHl theitdn 
were slumfiod nml dl^lrlbuted for entry from the mail doek. About 5,111 nC' 
kuowl«lg!ii€iit« wefo nnidc ou the n^ulur forms In addition %a l|io Mterw which 
wore written In neknowlodgtnent of [luhlTi^itkmH rccelrijU In reBTNnnFC to ihe 
reqnest^s of the Inidlttltloli for asehango. 

The ernyflo^feci' Ubra^if, —The hooka nitdecl Eo Ibis nbrcily by purchasu nutte 
bcFt^d 30, anti by binding 300 volnmea of porludktila were iDLido iiviilliLhlo for 
clrciilntiocL Tho total Dumber of books borrowed wne 2,002, The sendlog of a 
K.*lecEe4l II timber of books fnmi thin llbmry to the Xnthtiuit l^ooIngEral Pnrk litizi 
been odiittiiued. btit the aendLag of books to Lbo Bnmiu of Amorlenn Kthnulogy 
was dIseonESiined wbon ibe BiirLHu moved Into the i^mlthsonlnn hulldlni; in 
luiiuury, HMD. 

BihUiiffniphj/ tif rtmjrtaafleit+—^I'ho nmnuserlpt for the Blbllogmtihy of Aoro- 
tmnUi^l l^heratiim to Joty X ihOD, was eomplMoil itnrlnit the sunimur of ibnl 
yefi r+ nnd tbt^ work, formEog i-Qhiine of the ^Enlth^iilnn MlBcedantJotja fjol- 
ieettonsp was pubbslied during the nmuth of April, lUlO. Xumerons aoreBsluns 
hat^e been made to the odlection of aeKiluintlcal Uteratiire [n the oBtre library. 
The Viihimes hiivo hrai bound find nrc now available for referonee; 

At the r&iuME: of the Amertcan comnaEttee on cooperation wlili tho Inter- 
nntToiml CohErwef ArcblvIstB iind Libra rians, the nsalBtaiit librarian preliared 
an answer lo the question ‘^ Dhhb quel sens y a-t-ll Hon do rforganlser ot 
dT'tendre le service des ^changes Intenuillonatixr' The reply was lout In the 
latter part of Jnniiaq' frit prcsi^iiitLiai to the WJUKress eoiivonlng In Brns^ls 
August 2T to 31. 

Aificrfcfflji fflifforleol A^-aoefaMoa,—^The orranglog of now exohnngoh of the 
nniitia] ropurttof the x^niurlean Blstnrieal Assoelatlnn from tho nHottnoat ngrood 
npoa for that purpose has rosuliE^d In n nuiubor uf piibMcalkins of hlstorlcjil 
wxiiellea thrnugboiat tho world being addud to the Smithson Ian doiK>slt at thu 
LEbrary of CoogrefiB. 

IJNtTOl irr*TES WATtONAL MrSEUlJ. 

Tho Iftirary of Uia Miisimni has milferrd from congesUan hud Is hnndlcnppod 
In Its work by Jiick of ^saue While It hss contiaiiod to grow dnrtug the Inst teu 
yoarflH no ndditfotuil room hnsbeeu avallablo owing tp Mw overcrowded ccmiUtlon 
of Uie Mnsoum huildlng. As tho now boHdJng In now ready for tho colloetfons 
it will be (KrtosIbJo In tho future for the llhrnry to have nil Uio room neccs- 
fiflry for ex^innKlOD and pftqier dassIdcatLon. Many gifts of LmperLsneo have 
been receivod. those deseirlng speelal mention being the publications presented 
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by Dr. Tbeodom N. GfH, JJr. Cbnrlc* VV. RlpbioOnd, Dr. Churls A. Dr. 

E. A. Dr, O. P. nay, nnd Dr. MarciitJ BeQJamie. The publlceitlooB 

ai^ BCiCJil tfle find of \n eampleltng sots Eud ftUltiB of scrleo of aatboni" 
sejMlmteft, 

In the dentil of Dr. Ctuiri^ A. White the Miiscuni library Mb lost ona of ItB 
vHloed Iketiofactora. Doctor White TFfth at all time# midy to forwcird the 
lntoreBlB of tbe HiiBeuni llbmry and jravo truiterlul aBStstance In the work of 
completing lift sorlos of initU»r«* Bcxiflrntevi nhd Itjs sets of iwrlodleal piiblldfitlons, 
nia elfta baTo been numeronfl End art of apeclnl value aloug the llneB of the 
work upon ^hLeli he waa engnsedr 

Ust 3 of the pnblicaUona In the B^Uonal librnrlea of the MnEftiun have been 
iimileH and an experlencjcd entalogner hna been checking them np vrilb the 
pnblIcntioDB on the Hhelvos In the ^tlotiiL Tlie work of chcektne ts uneenipleted 
nt the dope of the fliwyil year, but will be eontiunetl. 

In tbe M often til IJtiniry^ I here ore now volumes, Cl-SD^ unbound pajiera, 

and 11^ tnn^MtBcrl|^tB. The ftceesslonB during the yenr of liookWr 

5,M1 psimithletB^ and ?k>T pa Mb uf volnmvE; 1,001 bonh^r complete volumes 
ef perlodlcala, and 0.2W pamphlcia were catalogued. 

AttontSeti baft iK-an given to the prcparntlcin of vein mew for binding, with the 
result that 4^^ books wore sent to the govoninient Idmiery* 

The niimber of books. ^lerlcKlIcalN. und ^kamphletH borrowed ftom the Kceeral 
llbraiT iicioniited to 2^^, including 1.14^ from the colhfCtSons whlcli weJ?e 
aii^tgtieU to the seiTloOiit ilbriirlea. 

Tilt} ftecdonul IJ&rnriw e*tabllshed In iha Miiecuro hn'i'e reiiiiiSinstl unclmni.'tjU, 
ttiu TOBijpItie ILit now iinttiditg; «» follows! 


AdmtnUt ration. 
Adtalulfttmilve nsslstant. 
Anthrojiology* 

BioJoisy. 

rtSnlB. 

Botany. 

Comparative anatomy. 

tklltor. 

iCtbnolOEX. 

PIsbeK, 


Gr^ology. 

Hbstory. 

InseetsL 

1 nvertibrnte lecmtol- 
OK5-- 

Marine Iniorlebmtrs 
^Interin mcdlea. 
^lesozolr fosellp- 
Mbaemlogy. 


Molly pk#. 

Oriental archawlogy. 
Puleabotnny. 

Farej^ltes. 

Physicut antlirtiiw>h>!0'. 
Prebblorle nrchwologi'^ 
ReptUeft. 
StjperlntendenL 
ThsJdDrmy. 

Techuology. 


suMKAkV nr access] ft. 

Tbe following talile KiimmRrises all the acce^ftioiiB daring the year except for 
the Btireaii of American Ethnologyv which IP Btimtcilslcrcd i 


Smlthfinnion deptssEt In the Library nf Congresp, inclndlng perts to 

complete flcts — -------— —-- 

Onice, ABtroi^byslcnl OlKservaiciryp National S^Ioglcal Pork* and Inter- 

iiatjonnl ExchAngea - - - --- 

Doited Iflatea National Mnsenin 1jibriiry__^ ------ - 


10, 4SM) 

OSS 

j,m 


Total. 


__1£>.<J2B 


Kesj^ect fully subinllted. 

rjtuti BaocKETt, Lt6rart3J»r 

Dr. CttAiWJ:# D. WAUsnT, 

0/ the fiinRhsOnliiTi InMituti^n, 









Al't'BN'DIX VI I. 

retort ox THK international CATAlAIGt’E OF SCIENTIFIC 

LITEILVTCRlt 

Si«: I h 4 i¥o tlie honor to lliu following rulnUft on the opomtlono of U* 

Unllni i^InlGS Biir*ati of tbo Intomfi Lionel I Cntn logoi* of Sclent ESe TrlT^HHture 
for iIjo ymr cnLlltig June 30, 1910, 

The Internntlooel Catalogno of Belentlfle Lltomture Ih ad Inte-matlunAl eo- 
openiUve iJiLterisrlAO haring nt 32 rciuLmwI horoaoit EcotlcreO tliroMRh- 

ont tlio tt'orlch sujpiwrtisl bj tlie coimtrlefl tnkiiijs port Ui the work. The rtutloM 
of Lhi>rti« regloonl hsireauB nre to CoUwt, nnit tlweslfy all cootrlbntlonB to 

imru- swlonee [inhllahHi within the iteveral otpuntrlwi they neprosciit. The irthti^ 
rhtl til CIS prei^irod is forwnrcU^l to i1k> Cotitiffll Burenn 1o Tendon, thsr® to he 
URwenihlni nnil pnhllwhetl. 

The catalogue consiatfl of IT aimunl vnlomeR, one for each of tbp follow¬ 
ing sciences ^ Mnthetnatiwi. miLH^hunlcs. iiliyjilM. cliemlstrr, nfitrnnnmi'. luoteoF- 
ology, niinemlogj^ geology, RDOffnipliyH paleontoSOf-y, i^-eisonvl lilo3o|:y, hotony* 
jKKilofty, flujitortiy^ nnlhniiiology, |iUj»|otog 5 % imd hncterlohigy. 

Th^ Ctiitrol iurenn is nmlnthlned entirely by tbo fhhrts ftojIvciI from tho 
anbserlbers to the eninleRiie. The region nl linroattBi aro In etery aapo sw|i- 
IKprtrO by the eoiintrleA tntclhg part In the enterprliw. In the ijrent ranjorlty 
of oaaes by Olrect goYermeiital gmntB, 

f^lnoo ihe lioglnning of the iiQitertnklng In 1901 the nnnnnl rolnmes hiiTP Iti- 
crenae^l in sEmi to stich an extent lhat the iml of pnblleatlon at one time 
excTKxlial the mm received from ifiibiWtlpHonfl, anil It was iieoeasary to cor 
tnU MMnowhnt not only the methoda of cloaal^liig the varLeua subjects, but 
niso iM cttotlou najtbotls uBed In the anbject cntnlDgucB^ This is now tieliig 
done without iletraoUne In nny way fmm ibe value i>f the cntnloguo aa n work 
of mferonoe, uhhoijj^b the Labor of prepfifntlon In In most easoft nincli greater 

Tlio allotment for the present ftecul year waa 1^1,000. Five are regu¬ 

larly engagofl In the Bureau, and occnalonflIty^ whan funds permlt, tfao nsslstanee 
of a spoctalM In some one of the i^Lenees Lb temporarily employed. 

There were 2rM)S2 eftrda sent from this Bureau during the year as follow#: 


Lltarciture of ___ ___ T2 

Llternturt of 190SL, --—-- --113 

iJteratnre of -- ----- 3^3 

Lltemturo of 1901. — -- ^05 

Uteratuto of 1905.^ — --— -- — -- 1,163 

Literature of 190ft_ ----——--- 1,502 

LI icratnre of lOOT*-^ ----- --—^ 3* 160 

Literature et lOOS-- ----— —- 6,305 

Literature of 1009-- ---- - 11+9SM 




This number does not represent the notual number of eltaticms B^nt, for on 
ECGOWtit of a new ruling of the CentmL Bureau some of Ihe hlologtcnl cards 
contalneii a number of citations each. However* the nctus] number of clta- 
SO 
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ttanfi tiau liwi redywd to 28,000 for ih& ymr^ whlcR Is about 

6,000 tlwm wart iwut tn for preTiouB year, Tlilrt decrease Is nat entirely 
duo to tbe now methods nf clfissIfyLug, for sa the work le mrli yecir b«^ri^ 
broDftbt more nearly up to date fewer old papera are Indexed, eonsequoDlly 
fewer oltatEoua are refinlr^. It in eatlflisied that when the work la entirely 
up to date only about 25,000 cllutions will be Heeded to completely Luifex the 
yearly sclent I fle lIlomlDrc of the TJafted States, 

The followSng-iiatniMl valumea of the catalnRue were recidved nnd deUvered 
to the flubficrlNrfi In this country: 

Bereatli nntiunl ttwuoj ilctecrolosj, Geoernt Blolu^cy, Rotnny, ADsiomy, 
AotbropoloKyp nod BactcrSolOi^- 

EfRbth nnniinl ^IstbeiuatlcSp ^ilecbantca, Astronomy, Mlnernlo^y, and 

Zoology. 

For n niii]il>er of years It Ims been the nlm to eTcntnnlly prepare thin cutn- 
logoe not only through tbo cooperation of the various coontrlea, but through 
direct cooperation nf uuthorn and publEshers of the paitH^rs Indeac^L Ttils nierbod 
wna ncfually tried during the present year In the pre|kjirntlnn of the volume 
m afflcloiry. nnd though tt required writing nljont 5tT lettet^ the result w^an so 
Batisfactor>' that It la prop<tseil to griLdually extend the method to other Sciences. 

Art has 1>eeH pointed out before, tbo l^ndon Central Bnrenn la mnlntnlned 
solely by ciienua of the fnnda obtained from siibBcrlpUenB to tbe entalogue, nnd 
the neoesanry cost of editing and printing la so great that per year boa lo ho 
chjirged for the corupleto sot of 17 voliiiuo^. This Inrge figure places the work 
beyond the refleh of many who would undoubtedly purchase Individual vnluiuert, 
If not the complote sela. The cost of doubling the edition of the ratabgite w^nuld 
b^ compdirutlvely Foinll, the outhiy representing only the cost of prr«* work and 
papar^ nml It Is'felt that If the eilHlon eonM he ilouhlcd nnd ihe prJo^ reiluct^l 
oue-holfH the work could be piaeotl at once within the rench of muny sainll 
libraries and scientific workers who need such works of reference. 

At present Uie avnJInUle funds prevent any sueh ecnrw being adopted, but a 
compnratlvely ftmaU oiidawmcnt would fiot only render thlB move possible, lull; 
would enable the prei^nt reatrEct€!d scope of the catalogue to bo extended to 
Include uL fir^t tho npptted scleucfs and then gradually the other records of 
human progressL A ycsrly lucomo of 15^000 or fd,006 from n permnnent endow- 
tnent would enable the central burpan to tnke the necewnry steps to first In¬ 
crease the clrenlnlloii and then brofliden the scope of the catalogue, and It la 
earnestly hoiied Ihni In the m^flr future such on endowment may be obtained. 

There tmve been no Icrases of property during the yenr, oieeptlng thoae caused 
by ordinary wear and deter lorn lion. 

In the sundry civil hill approved June 25^ 1010* ^7«5CM> was appropriated to 
carry on Ibo work for the fiscal year ending June 30, 1011. This sum Is an 
Increa^ of fl.SOO over the nppmprlatloti of the presenl yenr. 

Resi^lfully submitted. 

lufOMAnn C. Gonztell, 

CKi^f AssUiant. 

Dr* CtlAKLES D. WALCOfT* 

^^f^TCfdr^ 0/ the ^pnlthsonlan /iwNlntfei*, 

97S78“-s« 1610-U 






Appendix V!1L 


RKPDET ON THE PUBIJOATIONS, 

^mz I the ttoiaor %u siiDmiE the fellowlDi^ r^ipori ua the publleetleuB ef 
the ^imlLhBODfnEi iMUiit^en imd Sts brnpcSies during the H^cul re«r ending 
June SO. lOM: 

There wjih distrSboted a total ef SOI velomOfi end eepamtes In the Bcrtes 
ef StditliAMilau Contrlhntlons to KcowledRe^ 17,KJ0 In the series of f^uiith- 
sonluii OolleetloDS^ 2S,ST^ In the series of Smithsonian Animal 

EeportH. Pod in the eerics of Specinl Puhlleatlcmik in ndditlonp there 

were pnblleatlouet not Included In tbc Smithson Inn series dlstrlbuleHl h^ 

tiie Infititntloti, iind ri^2T4 pubilcutSoiifl of the Biiioeu of Amerleau EthttotoKj- 
sent out dnrJnp; the six cnollttin troin Jnunary 1 to June SO* lOlO* Thla nutltes a 
grenil tatnJ of nn tnerease of 11^480 over the preTloua year* 

I. S]rilT1]BO:tJ.^7? to h^tOWl^EDOE. 

No memoirs of the fiettea of Seitthaonlaii CeatTlhutlDiiB to Knowledge wer^ 
Unoed ilurhig the year, nllbou^b itrofr^ i^ns mnde In irreiierlng for [ireia the 
Ijingley Memoir on MeehanU'ftl Flh?bE which wuj tie^iin hy the late Secretory 
Ijitifiley In 11M)4 end matintted l>y &Ip, Charles hL Manly, nExistent In elmrge 
of (stpcriments. 

(L auiTneoNiAir ULBCELLAirBocn coluctip^s. 

In the eerlcfl of Sniltbsonlftn 3IliM^elti3ncouii CoIlcctlonE there were puhllBhad 
flnrlng the year (1) hftecn papers Ln the Quarterly Issue, which wns dlscon- 
tSniJCfl l>ecc&iber 31, IDtKi. oomplotEng vPlome S2 of the r^inr series; {2) 
one pnjwrT in volume 51; <3) ooTon papers In volume r^l, romplctlDi that 
volume: H) volume 55* Blhllogmpliy of Aeronautics: fR) and seven ntpem 
In volume The Qunrterly Issue pajiers were ns follows: 

1ST2. Smithsmilou JlSseelhinoona Collectlonn, Volume 52, part 4 (Quarterly 
Issue* voL fi* iwfcrt 4^ contnlnlns Pphlk-Atfons, 1S73 to ISST^ Fnbllshod Janu¬ 
ary 23i>, IDIO. Oclato^ ritl, 403-514* with plates 3S to @6, (The 

Quarterly Issue endo with this volume.} 

1ST?L Prehistoric BnlnS of the Gila Vnlley. Uj J. Wnlter Fewhea. l^hilKhrd 
AiliniSt 4 h lim Octnva Pages 4<Xi to 43fi. w Hh Flntes 38 to 42. 

1874. ncifcrlptioa of n New Frtifsc from ibp Philippine Islands By Ijeonhmrd 
Stejneffuf. Ciirator* Division of ReptLIea nnH Ftatrachlans, tl. S, National 
^tiisenm. Puhtlhhed xAugnat 4* 1959. Octavo, Pages 437-^439* 

]87fiL A New Genus of Fossil ColACoans from Sainta €ruz Terri lory, Palapjula; 
and Descripllon of a Mandible nnd Tertebne of Pro^imtodon. By Frederiek 
W. Tine, Hi?ad Cum tor of Bloloj^* U, K* National ^tuaeuEn. Puhllshed 
Auirnat 7, Itm. Oetnvo- Fnpe-s Ul^rA with Pin lea 43 lo 45. 

1876. Nottffl on Cortnlu Features of the Life of the Ala skein Preah water ^k^lpln. 
By Barton A, Bonn nnd ALfreil CL Weed+ of the Dlvlslou of Fishes^ IT. S. Nn- 
IIopaI Museum. Pnhllshed August 10, ITOO. Oetsva* Fages 457-^0©, 
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liTTT. Th€t G«o]G|^^Je \V<>rSc of MnUfiroves In Sou^bOm Elor^dai. By T. TVfiyland 
Vnogbou^ Cu;^r>dlnn of ^Endri^pomrlan Cornis, U. S. XatloanJ Alaaoiuu ; s^uiivr- 
vletng G^ulnc^nt In Cbargo <if CoaBtal 1^3aLa InvcstlgiiLlona^ U. (^o^IdpeJoaI 
Survey. Fublf idled Soptouilicr IS, IBCKL Ck-tuvo. Ti^l^ i^lUi 

idntfs 40 to K2L 

l^T^r Cry^talJofimiilik' Xoloa oa i^Jclte. By J. E, Pog-uOp AsSHlutiiut ('uttiior, 
rXvlKron of 5lJiioni|nt:y, S. XjiLU^ouI! Mun^uiu. PnbHEdkiHl Si^|itemh<>r 24, 
1D00. Oernvo. S<^40Sp wUh 53 niid ffi. 

3S^h a Xew' iltnJent of the OenoH GeorycImH. By Edmuod HoUtT, FSetd 
XatiinllEst, SmltliBonlan AfrTcnn p:A[}cdltToiL PiatilL^bed Scnteiubor 24, 
IVtaTO. PngOB 4G&-4T0, wltJi Pinto ri5. 

ISSO. Tvvu Xow RoJoids fmiij BrlHjfli East Afrii.-n. By ReiTer, 

Xfl turn Hat. SlmltbaouLati Afrleim Expoditiutt. putiTli^tif^l Novrmber 13, l£kit>. 
Pflgi'st 471^12, W‘itli PJiulO SC^ 

3SSI. A ttGretciforu UAclt^sorlbM Stofiy freni Thomsont ^leDyftk 

Couuly^ tioorgiik By cloorgo P. ^iofrlll. Hefld Curator, I>t^partRiPiit of Ooot- 
ogy, S. National Mu»ou(ii. PubJislicd r>H.'enibrr 2, tfKXI. Oobivo. Psipswi 
4T3^?fi. Pintes Si and 

1SS£, On n fCcmnilcHble Cubo of Pyrlto Currying Cryfitolll^^tiil Gold nnl Gnlenri 
of rmiEual Habit. By Jo8e{ib E. Pogue, AKfclKtant Curator, DhisEon of 
P. S. Xntlunat ^\rtl!KUiiu PitIiUhIiihI liromtlMT 22, IWfS. Otavo, 
Pagefl 47T-IS4+ ivllb Plnlc 

ISS3. A XOw C^irtilvori! of Erltisli Ensl AfrlciL By Gorrit ^ sillier, jrn. Curator, 
DItIbIou of ^fanimnlfr, P, S- NaBounl Puhitstied I>ceeiiibor 19, itNiti. 

Octavo- Pagta 4SS^S7+ with Plateji ^Sn to 152 

3 SSI, DcserEptloii of Fo^etlt Pin ill ft from tlic Mt'scmolo amt CletiO&Olu of Xortti 
America. I. By F, H, Knnwiton. E^ibllBtied January 11, itHO^ CK^nvo, 
Pnfi&a 43t)^b0ii u ltli PJates GS and M. 

1393^ Two New Penem of Murliio Boduittfj. By Gerlit S. .Miller, Jr., Curator, 
DlvSi^Ion of AlammiLlB, U, Si Xatitinal Mtisvuun Pnhbftbed Jnuuiiry^ 12 1»10, 
Oetnvo. Pngeti 41P—193L 

1550. A SSlioTter for OlsHcrvers on Moont Whitney* By C o. Abbot, Director cjf 
I Lid Smlth^onlon .VEtrophysIcal OlMsen atory* pLibllftbed Jnnnnry 12 IDIO. 
Oebivo* Pagp-'* 4S?ft .500, with Plates 031 nfwl lid. 

1551. List of PubllcalLoiisi, continued from list En QTiRrterly lasiio, voliimo 5, 
part 2 PubllBbcd Jhaiinry 21. 1010. OctnTo. Pagea SOT-TiOO- 

Jn the serb-^* of Smllli^iTnn MlKci^datLmuE <!ol]cctlaus (he foliowlug 

nori^ piibllfthoi!, dll ring (ho year: 

1900. The Aiechnnlca of the {i:nrtl]'n Atmoftphen^ fa collection of tronsiatloas). 
Xhtril CoBectSon. By Clevebuid Ahbe. Uodgklnfi Fuud. Ptibllaheil 1000. 
Octuvo. Pages iv, (HT. Volume 51, XunilK^r 4. 

1870, LaiidnaJirk^ of Botanicfil HJstory, Part 1. iTtor to 13tt2 A, D. By Flil^'anl 
r.. Greene, PubllEhed IftOO. OeOivo. I’upi'a 329. Purt of Tolume m. 

3021. Bibliography of AerniiaudcK By Pflul Broi’keir, Hodgkins Fimd, l*tih^ 
lifthed 3JI10. Detavo. Pages iiVp G40. Volimie 55. 

1622 t^oTelopOieot of I he Brain of (he Auiorlean Alligator; The Parapbysls find 
Hypophyula. By Albert 31. ItDes^ PubllsLod ilareh 3, 3010* Octiivo. PUgea 
29^ with 5 plate#. I'-olume 54, Number 2 

1923. OoustBnlH of Npitura Putt 5, A BecaleuLatlon of Atomic M'cJgbtE. Third 
eitillon. By Prank 3V[gglc«worth aarke* Published 3Iay 9, 1610. Octavo. 
Pages rvp 536, Voltitne 54. Number 3, 

1024, Pliu XevT Eoftehtn from British Brtnt Africa. By Edmnud Heller. Piih- 
llshod February SS, leio. Octavo, Page# 2+4, with 2 platca Volnme M, 
Xniuber 4^ 





84 REPORT SMITHfiOJfflAJT iNfiTlTTTTrOP* ^ lUlO, 

A Now R^oflt of tJio Gonttft Stsccostatau^ frotn BrUiA^i Africa. Bj 

Cii-rrlt !5. ^IIEcTp jr. Fubllsbed Fcbtttnrr iOtO. Ocrtavo, Pajjes £+2, wUli 
I Volunio r>l, Niimlior 

A Now ^blo Ant(?Iopo from Brltbb Knet A/rlcOr Bjr Ediuuud FEoll^r. 
PutillfilitMl SlaroL 3, I&IO. Octavo* Pnffoa 2+2, VqIhido 54, Numbfu 0. 

192T. DK4Tlplioi^ of a Now Spoclcifl of Hippopotamus, By Gorrlt S. Mlllor* Jr^ 
PubUsliJed March 2^ IDIO. Octavo. PaRC^ 2+S, wlUi 4 itlatf 2 fl. Yatuiue 54, 
Numl^cr T, 

TIm of llio Afrlcnti Ctuiraclald FI shea By IV D, A, COCkorcll, 

FsibUpbiMJ May *, 1010, Octavix Pa^ 2+10, with 2 plat^ Vqhime TjO, 
Numlicr 1. 

11130. Mnnimala CaUcptifd l»y Jobii J. Wblto in Brllisb Eaat Afi-tcm, By N, TIo^ 
]later, I'ublJsJietl Man-L 31 h iDiO. Octavo, , 2+i^ wUh 2 plotea. Yoh 

nine Wl, Niiiubcr 2- 

1031. Tbo of the ^rorniyHd Flalicat wBli Bemarks on AlbnlJi aud ElopiL 

By T, D, A, Cotikerpll, Piihllslird Miiy 7. IP 10. Paffos 2+4, Yoliittirc fid, 
Number ^ 

103^L L'jiper Yukon Native Oiietoiuji nod Folk-Loro. By Ft'njidand SclimBter. 

Publlsketi Miiy 20^ 1910. Octnvo. l^aaea 2+30. V cdntuc bO, Nnmber 4. 

1935, A Prellmltntry Sluily c^f Cttfunleal Ilcuiiilatlon. By Frank WlRREetTw^orlh 
Clarke, PubILabial Juno 20, 1910. Octnvo. Purc« 2+10, Volume 5C. Num¬ 
ber SS. 

193d. Tbe A^e uf I bn r-^irtb. By George F. Decker. Puhllebed June 20^ 1010. 

Oeinvu, Pflgi>a 2+28. V^olnme 50^ Nniml>er 0* 

1037. Description of u New KubaiieeLes of Afrimu Htgokey of tbe ileiiua CoreopL- 
tbeenci. By D, G, El Mot. Publlsbd June lOlD. Octavo^ Puj^es 2-|-L 
Voiume 50* Numtier T, 

Of tbe rcguliir iorte» of t^tnBhwnljin MiwcTlanptiUB ColtectlonR In presa at Ibe 
cioso of tile yciift tlnnvi vrptv: 

1934, Cambrlnn Ocology ntiil PoleobfolO«y+ Number (J; Olmellus and oHilt 
G i?ifciTii of ibe 3t[eA<iiaiciilie« By ClinrJes D. Wnlcolt, V^ulume 53, Number fl, 
193S>. Qinitpriau Geology iind Pali'ontobifry. Nouilier 7: PTe’Cambrlnci Bocka 
of tbe Bmv Itlver Valley, AltM?rt9, Canada. By Cbarlea D. Wnlfwit Volume 
93, Number T. 

IlMO. Cumbrian Giii>tciey nud I'uleontolo^. 11, Abn^pt Api^wiratiee of tlie Oim- 
brlau Fauna on tbe Kortti Amertcnn Ponlltient. By Cbarlev I>. Walcott 
Volume Nut&bt'r 1. 

IMl. NoEi-n cm n Horij-re«aJiiH Lepldo|>tikrmja Larra from Africa By Anjmjii 
Bnsek, Vohinie t«S, Number S. 

III. WMlTJiSOJflAffl ATfTVirAI, UrJ^ETTfl, 

Till? AuduuI Iteixirt far 1998, tbongb litnrtly tu type at the tie^inulnit of llrfs 
dseal yen^^ tfim tint piibtlHlit'd nittll lute tn ibo fall. 

1917. Aununl Report of (J*e Board of lCegt?ats ol Lbe ^mHbsoulau Instltu- 
lltiii^ Bbowing Opcrntlntuv FIxpendItureA, and Condltlona of tbn tnatltiitlcTU 
for tbe yv^T etidltiit June 3fl. llkT«, Octavo, PugHi a, lOl, vrlib ioi plutesi 
Contaiulnir publleatlons 1S55, ISSS, ami l®3 to lDt4 

The fel lowing impem, forming tbe Generni Appendix of ibe Aniinnl Re|H5rt 
of Uie Biiianl of RegeutB for were Issued in patnrhlet feroi: 

1988. Tbe Present Status of .MlJItaty Aeronuotlcfl, By MnJ, George O. SquEer. 

U* !^- Army, 117-H-l* wl tb 23 pin tea, 

1S89. AvlutEun In iTranco Id IBOS, By Plen^Rofiur Jontdaln. I'ngps 145-lfi0, 
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1!^, WJreleBH Bj It. A- Fcseetjrlwu Poges lUl-iafp, with 20 Dlfttiet 

3SaL Plitiloleli'ifruphj^. By Ilcnrl AmiagiUiit. Pngea tST-SCTT^ 

ISaiL The Gmii]o|}hoii« aiiU thL? Mootuinlcfil KiMrdliJg liciil RoprodnetSon uf 
Mi^icnl Sounds. By LovelS W. ItttliUt. PflEfls 2ftfl in 12511, witli 2 plntcs. 

ISHa, Oil tlio Light Thrown by Ri*cntit liivoBtigntlon on EJe^rtrlcUy on the RelS' 
Uon betw^-en Meitter find Ether, Hy J- J. TliompoTi, P»^ ;>133r-244. 

ISiH. Itevuloiiiu^t tpf OenentI nmi Pliyslml Chemistry During the tjiJiL Forly 
Ymre. Hy \\\ Xnnijst, Puses 245^a5a 

iSO^x D^vethiimKit of Totilinologlcfil Chnmtiftry DurLns ilm Forty Ynorit 

By O, H, Witt Pages 2S5-2B2. 

ISOO, Twenty Yvum' ProsreKS In Eiploalvcsi, Hy OsnAr Gultmnnn. Paio'^^ 

SOO. with D |]lat*fL 

1S97. Rtwnt iesOArch In the ^truetiire of tfw BnUurst. By J. C, Kajitii^n, 
rngen mi-^l\K 

ISOSt, Solar Vurllt^en and Musnctlazu la ^Smi SpolA By CL 0, AbloL 321- 

33S, wltb Ti ptatca, 

ISOa. CUmaUe VeirtatloiiH; Their Eateat &ad Caueefl. By J, W, GresoiT' FaK«5 

1000, Uraalitni ninl Gt-ology, By Prof, John July, with 1 jilnlCL 

IIMH. An Outline H^iSew of the Gfjolpsy of Perils By Oeorgo I, AdnniB. Ptis^ 
3S1J-130, with & p]aiv^ 

1002. Onr Present Knnw]pilfie of tin; Etirlh, By K, WIecliprt, Piigisa 

i0f)3h The Antiaretlc QuEStlnn—Voyaijetf to Iha Sonth Pole hIiito Hy J. 

Mocha t 4S1-1S0, with 1 plate. 

1004, Some CSi45STtijjliicial Aspects of tlic Mlfii By Cnt>t, IL G. I^^ons. Pjimta 
4^^1-503, wlih h ploICA 

BMHi, Heredity^ and the OrlRln of SpeclcfL By Daniel Trendily Bf«i?rK»ngoI 
I'nses 005-02^, with 1 plntn, 

1006, Coelaccfc of NortLcnstem and Central MciLcOp tosoUJirr with n SynopslH 
of Ihc Prlnclpjil MeaLieon Gcncm, B:y William Edwin SnlTonL Pogiea C^Ti- 
SOS, with ]& iMto^ (A SOIjitrote edEtlon with index was olso puhllHliiHl,! 
ISO", Angler Flolicn: Their Kinds nnd Way^ Hr Tlieodtiro GHL Pages 0B5- 
615, 

1003. The Birds of India, Hy Dougins Do war. l^ngHi Cli-tlAD. 

1009, The Evolution of tlie Elephaat, By BidiuiTd Sv LhlL Piisea HI 1^5, with 
2 plnEi?SL 

1010. Exenvatlonn at BoglmE^Keul In the ssnniioor of 1007, By Hugo Wlncklof 
nnd O, PuchstehL Peipes 077-690, with 10 liiatesL 

3911, Mnlarin In G reece, By Bonn Id PagTit 6SI7-T10, 

3012, Carl von Llnnt as a GeologlErt, By jV Q* N^AtburirL Pages 711-743, 

1913L Ufo and Work of Lord Kelvin, The Ktlvln Lecture, By Slylvanus P. 

ThOlTir«on. Pnges 74r>-7eS, with 1 plate, 

3914, TIm? Work of ITenrS Heofinero], By Andrf Broca, Pa gets 700-735, wllh l 
pinte. 

The report of the esecutive cocamlltec and Proceedings of the Bosnl of 
Hesents of the Instllution, ns well aw the report of tlie Sicerelaiy^ for the fLscal 
year eodlng June 30, 1900, both fortolng pan of the stMiual report of the Board 
of Hi^ents to was primed In pamphlet form atid published m the 

December meeting of tho Board of Begoutsv as follows: 

191&, Report of the SccreUiry of the andthsonlao JtuitltiiUen for the year 
ending Jnne 30, llTO* Pngeti lit, 95. 

1910. Ttei»rt of the Bsecutlif^ CommStlee and ProcetHlI&EB of ihe Board of 
E^entd for the year ebdlu^^ Juno 0^, 1900, ID. 
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ANNUAL TIEPORT EMTTESONTAN INSTITUTION^, 1010. 


TLli^ S^mJliiAonltLti rteporl for 1^]0^f wbr In typ^ nt thp vIoAe i>t tb& fiscnl 
^ear. In the Oenernl Appendix b . t & tbo pfiiwrf^: 

The Fulone of MEilLienuitIcs, by Henri PnlDcnri&. 

Wluit CQniilUnCefi Bnperlorlly In nn Alr^ipp by Fant Ilennrd. 

ResecLFchefl In EndEotcleempby^ by X A. FEcnsIni:. 

Recent Ptogrenfl In rhyalca^ by .Sir J. Thamson. 

PrtHlnclItm ef t^n- TeEnperntureKp nnd RefrlAonitlon^ by L. ^tiircUl^ 

The NItfOKen Quefitioti from the JtlilttArj Stundpoint, hy UhttrlaH EL MunrotL 
SltBCin Ncfwcotnb, by Ommnd Stone. 

SoIltr-rHdIatIcn Rejseflrelies by JutrH*i C&^\t Jensaten^ by H. iIp bi Rnutiio 

FlnTtnel. 

Tlio Rctnm of HnUey'& Comcl. by W. W. Campbell. 

Tbo Upper Air, by B. Culd mid W* A, HarB'OfflL 

The Formation, GrowtJi, and Habit of Crystnle, by Pnnl Gaubort^ 

Tbe DlatrD)otlon of Elements in Itfoeons Roelra. by Henry WnAblngtom 
Tbe MechanlKtu of Volcanic AetlotiK by H. I. JobnaLou-Uiriti. 

On^n,iatloii of Natural Resonrces. by Jainea £>ouj*liia 
The Antarcllc Ijrtnd of Victoria, by Maurice ^mmermann. 

Some RcifuUa of the British Aula retie Eiiietlltlan^ 19OT-0, by B, H, SbnekletouH 
The Oceanoiinipby of the Beji cf Greetilattd, by I>. Dsunaa. 

From tba Kig^cr, by Lake Child, to the by LleuL Boyd A]exandcrH 
Mesopotamia: Past, Present, and Fntore, by Sir WMElaiu WtllcocksL 
Albert Gandry and the B^olutlon of tbe Animal Ktaf^lam, by PIl Olan^cfiud. 
CharJca Darwin, by August Welsmimn. 

present Preblema In Plant Ec?olo?sy: Problems ef I^ooal DLstrlbiltloa ip Arid 
IleiglonA by Volney M. ^imldEng. 

TIiu iPSlEpct of Self-coBcealtnent and the Choice of Colors tn tijo Crnnta™, 
by Homan Id Mlnkl e^'lcs, 

Tbc Origin uml Developtuent of Pa mal t leal Ilnbltii tn ibe Gncijlldmt by O. I* 
Barrett 

^oiuo rtemarka on the Protective BeeembluncD of South African Htnis, by 
Alivln Hangncr. 

An iQtulry Into the History of tbe Current English Namca of North Amerlcnn' 
Land Birds, by Spencer Trotter.^ 

Cobdlticn of Tl'lld LUe In AlnskaT by Mudlaoa Grant 

Hec^'ot Dtscoverlea Bearing cm the Antiquity of Man In Europe^ by George 
Grunt ilIncCordy. 

Dnropcan Popnlatlon nf the United StiitcB, by W. Ripley. 

The Republic Of Panama and Its People, by Eleanor Yorke Boll. 

Ceramic DocoratJon: Its Erolutloa nod AnpticallooB, by Lonls FmnelMt 
Some Nntcfl an Bomun Arebitectum, by F, T. Boggallny. 

The BolatloD of Science to Human iJfc, by AdJiiii Sodgwick. 

InteUecttial Work arnong the Blind, by Pierre ViHey. 

The Relation of ^ioaqultoes, Files* Ticks, Flcaa, and other Arthropods to 
Patbolojey, by Q. Mnrotel. 

Natural Realutancc to Infectious Disease and Ms Reinforcement, by Simon 
Fleiner. 

IT. SPECIAL PTOLtCATlOlSS. 

Only one special puhllcatlon, In tlie fom of n eoioII pamphlet, was Issued 
during the year: 

The Smltheonlau Institotlen, at Wosbltigtonp for the Increase and DICTuslon of 
Knewledgo among Mccl 
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There were two ^ublfciitlotiB aeiirly ready at the eSoiw tlie year: 

1^2, Ctaselfied Uat nt SiiiSihftoAlfLii PublScatJone nvnllDblo for dlatrlliutlcm 
May* 1E>1D. 

10®$. Oplolonfl Eeudered by tlic Inteniutloual CNduqhiI^eIoii oa ZwJokIw* >^oiaiesi- 
<^latiire. Opliiloiiri i to 25. 

V, PlfEUCATIDNB OF TIlE tStttCn KATIOPTAL UURt-TU. 

ITie publlentldns of Hie M^lloaal Musciim are: {o) The oonuol reiwrt^ form¬ 
ing a sepumte tdIdiuc of the reisort to OongroBS by the Board of He^ntii of llie 
SEnltbaouLDn loFtltutloD; (h) Hie Proceedluj^ of Hie United Staten Xatloioi] 
Mnaeuiui (o) tbe Bulletin of the United Stati-B NoHoioi] Muaeuiu; and (rf) tbo 
ConlHbutloQB from the United States National HerliarJlUB. TLe nlLtorBbir of 
th^ laibUcationa Ik la eliargo of Dr. Mu reus fteojamla* 
trUe piibllcntluas Issued durlni; Hie yeor are oniiaieraled Itl the roinirt oa the 
National Muaeam. Tliese Jneludod Tolame 3T of ibe eoutolulnj!: 

Museum ijapera iiumtierod UM© to 1724. and volume 3^S. iia(ief4i iiuiiibetenS 1725- 

iim. 

Eight BullatloB were IsKued. uu follows: 

No. 65. Deadrold Graptoittes of tlte Nla^rnn Dolomites at Uiimtlton. Ontario^ 
Uy Ray Uasaslen 

No. 66, A Moaoatmpbic Reviaioo of the Twisted Winged Insetjts eompriHlug tbe 
Order Stretislptera Kirby* By tV* Dwight Tierce* 

No. 07. DIrectloas for CoIIccUqq aud PreftervJiig liiseeta By NaUmo Uaaks. 

No. es. A MoDograpb of West American Pyranildellftl MolluokA Hy Wllllfliu 
Healy Dull auii Haul Bartseb. 

No. 03. The Tdoiilobl Costodes of Norlh Amerleuii Birds. By BrUytou Howard 
DEanscitii* 

No. 70. The National Gallery of Art, Departtiieat of Fiae Arts of ibe National 
Mu4^un3i By Riobard ItatlibuTi. 

No. 71. A Moiioj^pb of tlie Foramlnlforu of the North l^uctHe r*nrt I, 

AstforbJsddre und Lit aoK idle. By Josopb Auen^llae Cnsliniua* 

No. 72. Cntalugue of Neart^Ue S^plUers^ By Natbsa Banks. 

Ill tbe series of CoutrlbuHons fmoi tbe National lierburlum there notM^eriHl ^ 
Voluaie IS, Port 10+ MIscellaueous paiien> by J. X. Boae, Lr Britton, John M. 
CciuHer* and Q. X. Cointis+ 

Valeiije Tart £. Three Xeo' Si>eclea of EebeverlOt by J. N. Iioae and J, A. 

Buroani, 

Tolutue 13p Part a* Tlie GrasBips of Alaslu, by tJHiifion-SorttijiirF and Klaier D. 
Merrill. 

Volume Part 4. Nc^v or Xotew'orthy Planta from Colombia and Cenlrcil 
A merles—2; by Henry Pittler. 

VoltuDO Part 0. Relatlonablpa of tbe iTory FataiJV by O. F. Cook* 

Volumo 14, Fart U Tbe Llebens of MluaevolaK by Bruce Fhik. 

FreHnilnfiry imge^ and ladex of volume 1% Systematle Invefitigations and Bib- 
llOi;raphy. 

Vf. POOttCAtlOKS OF THE MTarAh Oy AMimiCA» J?rmfOUl«T, 

The pDbllmitMkia of the Biironu are dlseu^oed la iletall la anoiber appendix 
of the SeoreHarj’s report. Tbe editorial work la In charge of Mr, J, tl. Gurley* 
The foliofive bulletins were pahllabod by the Bureau dnrlui; the year: 
BtlUotln 3S. Unwritten Lllenitiire of Hawaii, The ancreil of Uio Hula. 

eomplIcKl and IraaBtated^ with notes and an aceount uf Ehe Hula, by NathJiaJrl 
B. Emeison, A, M„ il, Ih 11100, Octam Pagi*&2SS, with 24 plated «£ liguix^ 
and 14 musical pieces* 
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fiullfMJii Tllu^Lt Mytbfl iLDd TfxLi^ Joluj IL LtXitO. Octavo, 

Vagus VI II. 4S1. 

Eullrtln 41. AnilqtiliJoa df th* Vtiide National Sjjruco-Trci! llou^^ 

by J, Walior PowkHiR, 1W&D, Octavo* Fa^,T>* Vltl. 57, with 21 platts and 37 
Jltsnrefl. 

Bulk-tlp 4^. Xtic OLnK''taw of Bayou Lncombo, St Tjuumnoy P^riab. Ix>uJEkuua^ liy 
Duvlxl h Piikhnoll, jr, lOOD, Octavo. Fn^oa 37, with 22 anil 1 hgiirv, 

BuHcttb 4t>* IJert of tUv imbllcatlonE of the Buroau of American Etliuoloay. wltb 
indpjc to a III bora aiul titlea, 19W. Octavo. Pagt% 32* 

VU* n/tJLlCATIO.VB or THE EUITnaClNJAH AETKOrziVSItAl. OlL&taVATDRT, 

Thert w^ro oo new piibllcatEoni Issued by tho AatropbyBical Obiter ^iitary 
durlDi; lh& year. 

vriL ahehicax uisToaicAL ABaoctAiroN, 

The EiisiQuscrlpt of VolLimiHic i nnJ IT of the aioiliuI Boport of (bo Aitiorloea 
Historical AsbocIeIIou for ltH>7 was aont lo ibo Pyhllc Printer on Sonlembor lO* 
1908, oDd die voluuiea were publisbcd In Jtily* l!Kl9. 

Yolumor 1 conlaitied Iho followlDj^ pB|M>rs! 

Report of tbo Proeoedlagt Of the I'Wonly-ttiltTl Auotial T^tectlag of the Aaiorlcan 
niBtorical Assoolatldu. by Ctarlos H. llasklos^ oorroHttoi’iiilIng swrotory. 
Report of the l-n»eedliiga at the Paddc OahsI I Era orb, by Clj-de A. Duolwny. 
Report of Conference on th# Itt^latlon of Geography ancl lIJslory, hy FretlerEek J. 
Tonier. 

Re|)ort of Coufert^oce on the Work of Stale aM Hllrtorlcal SoeEotlea, by 

Evarts B. Greeuei 

Reports on special eoii/erenees on ^Jedlicval BnrepHin History, on Atodcnj Eni^ 
peon History, on Oriental HTjrtory nnd Potltlci^ on Amorrcaii CoiiFtltuUoaal 
History, and an IhiEied Stales History alnee iSiffi, by tlie ^e^i^ectlve cbalrmeh 
at the confereiicoa 

Proposals for an Tndlnii Slate, 377S-187S, by Annie IL AheL 
The Paelfle Railroads and the Dlsnpti^tiinco of tbe Frontier In AiuerEcu, by 
Frederic L. Pa^soti, 

llio Sentiment of the Peopfe of OalUbmla wliJa Reapeet to tbe Civil War bv 
John J. Earle, ' ^ 

The Relation of the U, S. to Latin AJnCrJCa, by Bemaid Moses; 
lA^gnzpl and PhllfippEne ColoDluitioOt by James A. Robertson: 

RetKjrl of the Public Airhlves Commission ; 

Francisco de MlHindn nnd the XtevohitLooizLng of Sponlidi Ainerkn hv WIllfAn^ 

.S. Robertsou. " ' 

rnlmiw^ 2 etintAJned tlir repofi of iLe illatorloni MQnuH:rtpt« CoDimlasloD, 
comprlsln? Dli»luimitlc Anehlvw of th* RcjiubJlC of Tejeaii* I. iKllt«d tiy CcDroi* 
I*. QjirrUiOD. *” 

The DinDUKfttil of Tolame I of the report for 1003 wus setit to ij,e printer 
«io Juno IT, 1«W, anii the numuacrJlit of Voluoie II wes received from the B«ero- 
ury of the easnelAttCin rdiI muI to the Public Printer Ln April, 1010, hut neither 
volume tied been completed ai the clew, of the Sucal I'ear. 

lx. bAcaKTEie or tub AutmcAir bevcltttiok. 

The putimecrlpi of the nuiiual rtiiorl of the NatloneJ Society of the Duuehtere 
of the Americeti RevolotloD for Uie reor endliis October 11,1900, was received 
on April IS. 1910. nnd commimlceteO to CJoneresa In aCTorOence with the act of 
Incorporation of that society. 
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X. Al^vtsoat OOKUmXE Dtt milfXlHa ASfU nmLICATTDET. 

The c^tor Mb eoatlatied to serve ofi seerretarj of the SmlMnsonlsD odvlsoiy 
cotcmlttco DD prlDtUt^ nml pubHccitJoa. To this committee hAvt boen referred 
the tnansscrlptB proposed for pubifeitlon by the vArtous bniaehefi of the lostUii' 
tloh SB well SB those offered for prlnttof to the SmlthBoolsD ^lIsFelioiieoiiH 
Collection & The eonmdtlee also coualdered fortus of routine blanks anil rorloua 
matters pertalDlos to printing and publication, includliig the qualltlos of paper 
ioltnhle for tojst nud pin ten. Twenty-five meetings were bold anil 30B nianii- 
scripts were acted upon* 

Respectfelly submltteiL 

A. Howabd Clule^ fdffnr. 

Dr. CUAkLfS D. WaLtoTx, 

Bec^elaryof the fnifttullnn. 




REPORT OF THE EXECUTIVE COMMIHEE OF THE BOARD OF 
REaENTS OF THE SMITHSONIAN INSTITUTION 

Foft me YtUH Ekdixci June 30^ 1910^ 


To th^ Board of Rtgt nU of tin Smithsoidan IndtituHori: 

Yavii: gixcculivo eommittca respectfully Rubnuts the 
report m rclufion to the fumk, recoipt«i luid disburseiiicnts of Llie 
Tnstimtion^ imcl a statement of the appro printion^ by Coiigress for 
tlio National Museum, the IntenaationuJ Exchanges^ tlio Bureau of 
American Ethnology^ the NtitioimJ Zoological Piirkp the Astro^ 
physical ObservatoTVj ajul tho lntcmaiional Catalogue of Scientific 
litcniture for tUu year ending June 30, 1910; together with balances 
of previous appropnatiotis^ 

flMmiaoNiAN' iKfirmrnoK- 

of thr fund July / j 1910. 

The permanent fund of the Institution and the sources from wluch 
it Itas bean derived are as follows: 

DSPDBITED IN THE VWSAftTOT Of TITE UHTTED ETATXS. 


Be<|uc«tof 5mithj»a, IMfl-.. _ ___ _ __ $615^ 169.00 

Kontltmry liigacy of SmJltkfiDD, 1967-.-...,..- -- 20^210, Oli 

Deposit ffCKM j^vings ill iocioiDep 1®67__ 108^(120,37 

Bequeet d| Jam« Hamiltoo, .... 00 

AccuiDulatcd interoflt on Himiltca fnad, 1330.,.,, ^ » L, 000. 00 


Bequwt of Simeoa Habcl, 1830..... ^iOO^ 00 

Depoatd fracD proceeds of Alia of bonds, 1881. .^x ..x..............,, 51p ^SOO. 00 

Oift of Tbomae G. flndgkian, ---- - - 200,000. 00 

Part ot mtdduaiy legacy cf Thfimiw Q, H^gkms, 1894.. ..x8, OOO. 00 
Depoflil from saving ef mcetne, 1003-^-*--------hi ^-- SSpOOO. 00 

ftesidwy legacy ofTboma^ G. Hodgfcina.xx^^x.^.... 7i®lS. 69 


Total aiDAiiELt of fiimd m tbe UnileO Slate? Treasury..044, flia 69 
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REPOUT OF TOE EXECUTlYE COMMITTEE* 


(rrji|!ii hiu«>liR€Efl. 

Rcf^isiorctl Mkd gxLjjiHiitJOfltJ bond^ o-f tii(> Wtwl Rhrtwe Rnilimil Cotupiftitiy^p 


part of Ic^y of HiQnu^ G. IfcMlgkimi fjuLr v&luo) . . .. $42, OML 00 

Total pfHHumcpt fuDd** * ....... MO,SltSL 09 


Abo foursmikll piDCi»qf rewJ tiotatfi befiueaihod by Ib^bcrt f^buitoa Aver>v of WaAt- 
lofitont D. 0 . 

That part of tlie fund dopositpJ in the TreABUry of the United Stateis 
bears mU'rest at 6 per cenl per aimum under the proinsions qf the 
art of August 10, 1840, Oigunizing the lustitiUion, and act of Congre&a 
approved Marcli 12, 1804, Tlie rate of interest on the West Shonfi 
Radrujid bonds ia 4 per tent pm- omnim. The real estate received 
from Robert Stanton Avery h e^cempt from taxtilion and yiidds only 
a notqjual revenue from rentals. 


StaUmrni q/ rc^ripts and du£iinvmifiilf/rqfn Jttty 190$, (& Jam SO, f9SO, 


HKCEirra. 

Ctwb ondfifKieiUtilyi, Um - -- 17^70 

Interefift cia fund dtipcKai^qd In United Sluira Tr™ufy* due 

July Ip 1909, ftodismiMiy 1 , _ 12 

latpnjflioTi West Shore flAiJtmd bond* lo Jauimiy .. . 6 S 0 i 00 

Ri'iHiynivnuiip r^ntabp publicAdutui, oU:,,... 5 ^ g 77 , fij 

ContrfbutioTifi frrmi varioue ioiut'^ fur epqci fio j) urfH^vF.^, 43 ,, 230 . 915 

- ^ -— JtlT,4iS3,6a 


E»i^nuK±iJLue>nrH. 

Bulldifigiap cure nnrj ___ 

Furuitmfq imd __ , .... ^ 

Gcnoml axpQOs^: 

Sdlarimt..-,.,-*. 

Moetui^., .. 

StAtinDor>^. ... . 

PoBtajjOp tele^pb, mftd tolophone. 

______ 

Iiicfdf^uiab ... 

Giifu^o,, ___ 

Fuiil nnd light#. _*__ 

Ljbmry.. ..... 

FiiblH':it{i:iii#aiir] ttoIrdbirlbutiQii: 

|fb(7«lbiieoiip cdlocLiona^_ ______ 

BTMrb'-'--v.- --- 

Special publicaUuiu..** .... 

rublicntirin rappUiM. ____ 

Saljinc0. ... . 


$14, l2&,Sfl 

m. 00 

745100 
459,90 
29.07 
ipooo. n 
It 090, 75 


5,202,01 

544.07 

2S.75 

2U50 

5,092.34 


EEplumtiaadp nttfiaiicliHf, and ctflleetloo#. 

Hq^kiju ipeciOc fund, reKnrcht^aiiEj publialiqtiQ.. 

lutE^iattnDBJ EschAngetf. . 

Legal fricponsoa. ... 


mpfltfl). lEB 

m,7otm 

4M 7S 


10^745.10 

^,^■^5.50 


12|140.27 

HOOiO® 

e^^oLoa 

1751.74 

loaoo 



































OF THE EXECUTIVE COMMITTEE, D3 

Gallery of Art, ... 121^75 

AdvouL'etf fof fii*ld cxpisiises ___-_ £^.00 

I0f.m54> 

BaIodcu JtLdq 1010, dopwilerl wilK the TrcaAtnuref tho Uiutod Ecatjdi-. 3A, 364 88 


€60. 38 

By audiority, yonT osocutiva coixiniitteo fi^iin eniployctl Mr. 
WlUijun L. Yflo^rp it public accounUmt of this city, to audit the 
receipts and liisbui^omcnt^ of tho SroiltLsuiiiari Institution during the 
period tovonnl by lliis rcfiori. Tho foliowin^f cortifioato of exuminiv^ 
tion supports tho forej^oinff statement, anil Ls hereby approved: ^ 

4CKi2 Westory BuiLDiNai 

ExKjdtrn vH CfcsMMirr'KH, noAHn 07 Reqents^ 

8ius; I hflVD exouifkcd iLd eecowMi and vmichera of tho Jn^itudan 

frpr tho fioctJ ytif June 30, 1910^ and certify the folbiring tci ba a correct otate- 


iDonlT 

Total iccoipus........ 

Tolal diibnrsemomd... ....lC4»2fl5L 60 

Bet-ejptfl 03;cwl SplBSL 18 

Amouiil IrthM July 1, JM9*......32, iJflL 70 

Balmacocn hand Juno 30, 1910.... 35,364 88 

fialimeo nhnwti by Trcasiiiy'eUilcmcntJuno 30, 39,01^94 

Le>a»oulAtaiiUit3gi:hork?........ 3,652.06 

Trno bolimrfl JuBO30g ___35,364 38 


The votjrhuni reprawnting payrnoiilo from tho SmitliAQaiiiii uiootne during the yeax^ 
oaoh aJ whjoh hmn\ the approval of the Secnatary^ or* in hlfi nbsvEine, «( tha Aeting 
Socretary, and a cwtiScato that Lhomatodalsand eorvdeoa ^ero applied m tho paqxHioa 
of tho iKij^tltutiDD, have been OKamtaod in oonnoctkia nrjtb tho boohs of tho TTwtitiitinfi 
aad agrve with then. 

WltLtAH YaEnREt, 

PfihHc .'Idwuathitl tmd AtidHisr, 

All niotie\*a received hy tbo Smith^pniati Institution front interest^ 
sales, refunditijr of ttioncj^ teuiportuily utlv^anred^ or otherwise-p am 
deposited wiiU tlie Treasurer nf the Uniteil SUtes to the credit of 
tlie Iii8titutiou, and all paytneuts are made by checks signed by the 
secretaiy. 

Tlio expenditures made by the disbursing agent of the Institution 
and audited by the Auditor for tlio State and other Departments are 
reporletl in detail to CongresSp and ivill bo found in tlie printed 
document. 

Your eommitteo also presents tho fojlowing summary of appro¬ 
priations for tho fiscal year 1D10, intriLsted by Congress to the care 
of the Smithsonian Institution, balances of previous appropriations 
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BEPORT OF THE EEFXJDTIVE COMMITTEE, 


at the bcguming of tho fiscal year, and amounta unexpended on 
June 30, 1910; 



AnllAtilo 
flittof July Ip 
iSOff. 

PoluKto Jmu 

3Q. miOL 

Uj CflOfna lo cup cf tht. TftiUmMpq.: 
IntHrmUdn^ EmIiuw, IBW.____ _ __ _ __ _ _ -. 

ti.ir 

J^S^Z, 17 

LTS 
ipimi? 
fipOXtdci 
«L 1^ 
lt^l-01 
Ur<»am 
4.4i 
Till, 

r.« 

Ktfi 

' soo^nxL oo 
4L3Q 
3;Mr. 48 
^pOdfL DO 

4ILI7 

3M 

[EitamtlDiiAl .. +^,,» 

IntcmftUfiitipl If lOr._ _ __....... 

pi^ 

ft. "-W M 

Afnnidf^in . ....._ 


Anwirtirjin EtbUnVigj, 1009^.. .... .... 

iv 

LlA 

4AI. If 

JIlLfiil 

tffkul 

aJL U 

^Lincflew Ki2iiui|«y, ItHO., ..... 

.^itE^bTilcd OliBerrpl«7ptfOft............. 

AilfgtifiinICvl OI«4nraliitTp ... 

- 13 lj*3^Eirfr* 1 Vlfll, .... ........ 

iDtnuMlhfuui CitiJo4rnc, ISW^........... 

laMniilhiuuL CstiJgcWr t W- . ........ ^ 

(.'«JtAlcpH>, U>Wl .. . . ...... ...» 

2.vr 

211. JSf 

nuin^f Com .. 

pT Oto 

KfttldiiAl 

Fnrcdtiiivuijfl Ikxemis, ... 

^lti^|iifi'pii4|fl4l4n9p11Qf ... .. 

i&fii 

S7,i^97' 

FufnJtiiiv mul flAtuE^, . 

If wk! lidltlnE. 31l<^ ....... , 


fic^Uuf uiif Uebclfif. |0IC»..^^„,„ .... 

HmUnA Hvil Uj^tlcf, IflilO.... .. 

EmpctviU^ei -orcirifiM!lf0E;9, iK#.... ......... 

49|&T9> 

BO 

FlBHrVBitifilD COlfCCKfatUi iflOff., . ...... 

•onfl Oofi nn 

!#4ii^ J.7 

PrwrntlgR DfMUecUcfUff^ IflO. ... 

or! py 

iP 

Poob, SBOH., . ... .. .,. 

92. Jl 
1,0^94 

2iWD.DD 

ID 

»U.T7 

77.05 

BflDlC9'4 4 hf ^.^4, r mm m ri mmm tori rmr^ m m wwm^.m ■ mp-k}— i ■ a r^'m m-m m 

Iknbl^mO.. ...... a a a p . a pp.. . a a . 

..... 

mOD 

A Aw ISA , 

SBi 00 

DuKhUncniiMln, 1 dO&_ ........... 

^ A in 

DiUJIiij|ltfrtot«^p IW..^ ... 

■IkiS 

AmiPiic ........... ..... ... 

Ul^OOa QD ; 
.0$ 
.Of 
40tii74 

111 iHitCH 

.D» 

W?! 

lUuitol prrsrijibopa. lOOiiii. . ..... ... 

Rcdti OF wdrlaisowi. IW.,... .. 

TnmAsrcl GmfiBUfh atalTie o| WjiAltlpglpti.... 

Tqropomrroroapuic:^ of RivTmuiiuit IjuUiiljiDc lor tut^fruleoU 

|W?^_^i............. 

3fDrinjcHjUwtloQri.totc.p to sow ..... 

Jiipijif 04« 

rip^OO 

iLril 

3p 443.01 
^.DODlDD 

15ji07&. B3 
2413 

■JI-18 

274410 

NnEfoiiiiJ KwlDfffcai PU'kKlfW......„+...„^...**.. 

NACtobAl 2oti|qeU=^ F«k. j»W„...... 

NAEkmal Zogfof:lctol l^uki ... 


■ cwritil to«feiat prtunildi ftinil, 

h 4^ Imfp tEUI|U!dl4t«l.7 M^ ln.ii3*, 
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of mcGfru from the fund fmd otAp" ittwitii't, atcrtied and pro3~ 

peciiv^, m'miitbk during tht fancd /aiding /tw* M, 1^11. 

Balance Juno 30, 1310_ _ _ __ 135, 364. 68 

Interefll cm fund dnpOHited in U, 8. Tmantiry, duo July 1,1910, 

andJantuiy 1,1911.*...,---$$6.693.00 

IntoiMt on WoaL Siioro Rjulroful due July 1» 1910, and 

Januan, 1 , mi.......-*......-...--....*..*...,...-.-- 1 , 6 m DO 

Exchange nipnytmmb, ealn of pubtientiemaf renioh»t otn.- .*.^ 6v000. 90 

Depodta forapneifle purpowM. iP 8,000.00 


Total available fOTywendiikg Jimn30p 1011...........*.*.* — .*. 167,330-88 

Respectfully submitted^ 

J. B. Hendebsoji, 

Jcura- Dalzell, 

£!E«cufiv0 CommiU^e. 

Wasuinoton^ D- C.j November M5f 1910* 











PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITH^ 
SON IAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 
11 ) 10 , 


At. ti moctiug of tlip Boanl of Regents held JVbruaiy 10;^ 1909, thci 
following n?«olution was atbpted i 

Hi^otrrd, TlmL the Board df RogciiiA of Lbo 8mithioniaii IrufULutJon nhall 

hold tlndr Afinunl mooting tin th^ Tutuday tjtor Uio iseednd Monday in Decombort 
nnd atinther mcottng on Lho Bocond Thunday in FobmoQ'. 

InaccordiiXLca with thi^ moliition the boanl mot at 10 o^elock lu m. 
on Dccoaibor 14, 190D, and on Fehniary 10^ 1010. 

ANN\JAX MEETlXd, DECEMBER. 14, 1009. 

Present: Hon. MoItlHi! W, Fullepp Clibf Jii&tlL-t^ of tho IJniterl 
States (etuuiCi^Hnr) in the chair- Hon. James S. Sherman, Y"ice-Pmi^i- 
dent of the United SUtesj Senator Shelby M. C\iUoni: Senator Henry 
Cabnl Loilge; Senator Augusina O. Bacon; Representative John 
Dab^elR Representative James R. Mnnn; Dr, James B. Angtdl; 
Dr. Andruw D, Wliite; Dr. Alexander Graham BelR Mr* Charles F. 
Choate, Jr., and the secretarj'-p Mr, Charles D. Walcott. 

ttESOLimON RELATIVE TO IKCOME AFU EXPEKUn^ntE. 

Doctor Bell oCTered the folio wing resolution, which was adopted; 

JUmlvfd, Tliat dio laceme of Tbe laAtitalioD lor tbd Awnl year ending Jiiod 30,101 i, 
be appropriated lor the wirvice of tho Inititul^ida, to hts expended by the BcereUuyp 
wilh tbe Advdee of iho executive committee, nitli full di^erettoQ oa the part of Lhe 
wcietafy H3 to fti!!|nd. 

ANNUAL REmriT OF TTIE EXECUTIVE COMMITTEE. 

Doctor Ik'11 presented the repavi oi tho excculive committee for the 
iiscal year ending June 30* 1900, which, on motioup was adopted. 

PERMANENT COMMITTEE. 

In behalf of the permanent committee Doctor Bell reported eon- 
cemiag the Andrews estate that flince the lost annual meeting a writ 
of error had been allowed by :Mr. Justice Pechhanip of the Supreme 
Court of the United States, to the supreme court of the State of New^ 
W 
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YoftCt on tlie ground thtit the court of (ippoals did not givp full faith 
and cnjtlit to tho coo^tjtution of Ohio* tn respect to prohibiting tho 
general ai^iepibly of thrtt State from passing such acts coiiferrine cor¬ 
porate powers. The Suprecuc Court of the United States decided 
against tlie contention of the Smitbanian cotinspl* under date of 
May 17, 1909. 

Doctor Bell also reported that no change had occurred in the con¬ 
ditions existing in connection with the Awry estate and the Sprague 
an<l Reid bequests at the time of the last report: 

On motion the report was accepted, 

AfiKVAh nnPOET of the secretary. 

The secretary' submitted his report for the fiscal year ending June 
30, 1909| explaining that it had been transmitted to the meraljeni of 
the Isoard prior to this iti€*etiag. 

On motion the report was accepted, 

THE UiNOLEY MEDAL, 


The sec ret aiT stated that at the meeting of the hoard held February 
10, 1909| the Liuiglry medal had been awarded to Me^rs, Wilbur and 
OrYille Wright. Notification of this action was transmitted to them 
in France through the American ambassador, and the following 
acknowledgment was received; 

PaPi 


r>aAB Sm: We h\iv^ iwXiived tbfouf^ ihe AzDcricaa ambawaderp Mr. WtiiEfl^ your 
kUerdI F&bnifliy 1$, lOOS, iiifoTmiTi^ m ef the actioa of the Board of Re^pente awarding 
to 05 iho medal . Tho honor of Eiidi reeogailJon at the hoi] db of an wti tuUem 

of £tt[^h hl|^ etandh^ig and unle^uo character u duo which we naturally ap^^raciate moat 
highly. 

Wn bug that you trill coimiumicato to liio bi^rd our very iinc«re thsulcs and remain» 


Youra truly, 


Wttauff W&ioirr, 
Oltvixit Waioirr. 


Mr- rrfAfl, D. Wauott, 


WaiAiTi^on, Di C. 


The secretaiy added that the Wright bix^thers had atcepted an 
invitation to be present at the board meeting of February 10, 1919, 
and receive these medals m person. 


THE l^ANOLEY MEMORIAL TABLET. 


The secretary said that at a previous meeting Senator Bacon 
buggeated that a tablet in memory of Secretary Langley be erected 
in a suitable portion of the Simthsouion budding, and the hoani had 
requested a report ufum the subject. 

lie presented a rejMirt. which contained a recommendation that a 
oommittee be appointed witli power to select the tablet and assign a 
07h78^^n imo— 7 
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positioD for it> On moticitij tlio recommeiitluLion was adopted, and 
the chancellor appointed as the coniinUtcc Senator Lodgc^ Sf^nator 
Bacon^ and Secretary WaJeotL 

B MARKET PLACE, 

The secretary said: "The board adopted a resolution in relation to 
the objecUuuabIc features incident to the xise of B street north of 
the National Museum m a market placcp The wishes of the hoard 
lo have this exmdition remedied were conyeyeil to the Board of 
CommLisioners of tlic District of ('olumbia, and I havo to report that 
they have acted favorably, and that the sidewalk immediately north 
of the new building is now free from liucli^lers, xvho bavc been moved 
over to tiic north Kjtlii of B street in fn^iit of the vacant lot known 
as " llaymarkct xSquare." 

TJARWlJf CELE^aATrON. 

Tlie secretary said: **'By resolution of tlie hoard I attended the 
ceroraomes in commemoration of the centenan^ of Charles l>arwin*a 
birth, wldch were held at Uic University of Cambridge from June 22 
to 24^ when I presented the InstiLution's greetings; in a fomial address* 
1 \v^ honored bj having conferred upon me the title of doctor of 
science*” 

CHAKOE OP date IXJR ASKUAL MEE'riNO. 

Tile secretaiy brought up the matter of a suitable date for the 
annual meotingr atatjng that difliculty xvas ejeperiencccl in selecting 
a day of tite week that would be most ennvenient for all the members 
of tJie boartl. 

After disrussion Senator Culloxn offered the following resolution, 
which was adopted: 

L iicivaltor th<^ BcorJ of Jlugiititn of tho SmiLhsoDiui Tniftiiatjob flihall 

bald thdrAaaiin! on ibo pecoiid TliiuiHifl.y in DtartPinbcf oxid a diippleDiojilarv 

mooting on Lho locnud Tbitrad»y in Fehrtiju>\ 

THE SEcaETAWY^a ffTATEMENT* 

Prwrresf on neio hiildiv^far the Ntitional The f^ihire 

on tho part of several contractors to properly fulfill their agreements 
has not only greatly delayed Uie completion of the building, but has 
no iucreasetl tin? ensst of construi-tinn that it has been necessary to 
proceed iiciili extreme caution in tlie elTorl to keep within the ISniita 
of llic appmpriation. 

The entire exterior of the htulding has been finished, except the 
laytDg of the main approaches, for which, however, the grauite haa 
been cut and delivered. Of the interior practicallv all tlie halls and 
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ratigiefl for the exhibition and J^toroge of colicctjong and for the labo- 
ratoriis and workshojn^ are now iti «se. The moving of the ool- 
Jectiona wajj Jast aumrocrp and the occupation of tbo gmund 

Uoor ^^nd Ihird atoty should be completed hy the end of the winter. 
Tlie fitting up of tlio two great exhibition fioorn wEJ require n much 
greater length of time^ but it is expected that some parts of the 
exliibition oollrctiom can be made accesaible to tlie public before 
the year la ended. 

The lieating and ebetrical plant already installed has developed 
solGt-irnt capacity to also meet the requirements of tbo two older 
l>uiLdings, The econotnj thus effectetl will be veiy^ appreciable. 
Congress failed to supply means for adapting the upper ball of the 
Snuthwininii bud fling to the purposes of the National Galbrv of Art, 
anti a portion nf one of ilie skyligbted halla in tlie new building mil 
be temporarily aligned to the paintings. 

Art eolkdimj. -riftor discussion Senator Lodge offered tlie follow¬ 
ing resolutions, whicti were adopted: 

That ih^ Board off at the SDiith^nbn lr5tiliition hereby ttuthor- 

izo llui ScK^retRiy of tbt- Jii'riiLiitino lo isstie in th^ir muisfi Invitatian^ far a privaEe 
view ot Qiv paindcffB of tins Nsiiioiuil GallDry at Art upou thf» complcdun oi their 
tempomn^ in ih& now building fiir On? Natioiml AEjL-feiiin. 

/urlhfT, Tliat flic nipenwa etamocted with tMi mception be rlmr^K] 
thefuJids of Uifr InadEiititin. 


and Maunt TVUson o^efa#ionj?—Under an allct- 
raent fmtn t[ie Hodgkins fuinj for the buiiiling of a stone nml sled 
hut or shelter on Mount Whitney, California, m an elevation of 
14,502 feot, tho strueluro has been completed for the use of scientific 
observei^ who desire to avail themselves of the unustmlly favorable 
atmospheric conditions on tliat summit. On Soptember 5 ilr. Abbot, 
director i>f tlie Smithatmian ^Vstrophysicnl Observat^wy, made suc¬ 
cessful ob^rvatioiis there h'r llie deternunation of the solar constant 
of radiation. A small cotta^ has also been erected on Mount 
Wilfloji, close to the Snutlisonisn observatory shelter on that moim- 
tain, to bo used as quarters foe the observers. 

Ivangtiralion of p-fs^dent of TTamard Univermiif.—In connccticin 
with the inauguration of Dn Abbott I.awrence Ij^well as president 
of Harvard University on October ft I viaitcfl Cambridge os tho 
representative of the Smitlisoniun Institution and presented its 
formal greetings. 


International Conpess on Hygiene and Detnayraphy .—Tlie secretary 
stated that the IntcmatiouftI Congress on Hygiene and Demography 
would l>o held in W^ashington from Septeinlwr 30 to October 1, 1310. 
and he had received a comraunicat ion from tho secretary-general of the 
cougiraa, Dr. John S. Fujtori, stating that a committiH! of three had 
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tipoii uppoiiitcd for the purpose of arranging for llie housing of tint 
congte^, of which committee the Seoretnry of the Suiitlisoniaii Insti¬ 
tution had bwn designated chalrniart. 

This bmuglit up the question of n suitable Ijuilciitig for fiiieh pUT^ 
poses. There was no place now convonient, and it Imd become nee- 
cBsary, if the United States Go^'enitoent wero to continue iiunting 
foreign bodies to hold their conventions in Washington, that pro vi¬ 
sion be made for tlieir reception in suitable quarters of a permanent 
character. In accordance with tbo policy announced in the secret 
taiy'^s report of June 30^ the Smitbsonian Institution was doing 
wbat it could tu help in this manner. 

Senator ("ulloin remarked tljat if the Government were not Avilling 
to ]iti>\ide suitable acconimodatiojia for its guests it ought not to 
invite them. 

fiepresenla! ive Maim agreed with tjiis view and said that the Gov- 
emment was saved from disgrace at the lime of the tuiienudosis con- 
giTOss only by the fact that the new building for tlio Kational Museum 
was sufficiently far advanced in constniciion to pennit its use for 
meetings and exhibits. Ho askf^d if the Government should provide 
for the oroction of such a hiiilding as was being discu^ed siid placed 
it under the control of the Smithsonian Institution, would it he pfjesi- 
bio to prevent it from being used permanently by the various oiganb 
nations. 

The secretary replied tlmt that would depend entirely upon the 
policy of the Hoard of Kcgents; that if the_v decided against such 
permanent occupation the secretary wouhl undoubtedly see that 
their wishes wxre regarde ch 

Death of Dr.Anian Dofim .—For over sixteen years, as detEuled in 
the annual reports of the secretary to the boards the Institution ha^ 
supported a table at the Naples Zoological Station for tlic use of 
American biologists- The founder and director of the station^ J)r. 
Anton Dobm, has extended many coiiriesios to the Institution in lliis 
connection and has always shown entire sjmpantliy with the wishi ?3 
of the InstilutJon in arranging for the convenience of its appointees. 

It Im ijfiefued fitting, therefore, to announce to the board the death 
of this gentleman^ which occurred on September 29 lost. At the 
request of the Institution the Department of State desigmited the 
American ot Naples to represent the Institution officially at 

the fimcrah 

i have aiready communicated the InstituLion^saympath}' to the ijon 
of Doctor Dohm, and have received from him a letter iinnounciog LU 
apiKjmtmenl to succeed bis father and his hojic to continue the reiii- 
fions which have existed between the Lnstitution and the staliun for 
oo many years. 
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ft^ITTlI^LONTAN aFBICJlK EXTEPITTON. 

Tlio st'cretiin^ said tlutt ho was ^liui to roi>flrt ihut the Smithsonian 
AfricEm expoditjon m cliiLrps of Colonel Jlocni^eveU was pmceetLing on 
the plan ori^mudly adopted^ and that it would continue until tiie ex|ic- 
iLition readied Khartoum, probably about Maj, lOlO. lie said that 
fnmls had l>een secured from 25 snbserilieni to 1 he amount of S SD^oOO 
and that ho e,\i>ectod to obtain atKiut SliKOfin nttire. 

The total Qumber of skins of largo and sinatl inainruatH and birds 
takou up to December ID, was 6^Db3. In additiou, tbero wen? many 
skiilb and skektons, and about 2^,500 sheets of plants^ 

Up to the prospnl time four shipments of sjiecimens had been 
receivDtl from the exjiedition, numbering over 3,000. Tlie riiaieiial 
yet to come eonipriae-d rather more than lialf of th$ culJections made 
to date and inciiukd alxiut 0 ekphantSj 2 Somali idraife^r it c-oiupkte 
group of ostrieUeg (j^oung and eggs, ns well os adulta)^ atid abo many 
antejo[}ea and of her animals not pre^Houaly taken. 

Live animahfiyr ZfwhgimJ Park^—As a result of tlip 

oxj>editionf ilr. W. N. McMiilunf of iJuja farm^ near Nairobi^ bad 
presented the Kationttl Zoological Fark with a collection of U^'in^ 
linns and other African animals. A represontivtivo of the park was 
sent to Xtiirobi to recoivo this gift, and to arrange for the transfer 
and eare of these valuabie animids. 

KESEAHCU FUNnS FOl£ THE IXSTITUTIOS, 

The secretary stiiiod that ho wk\s making earnest efforts to mcreaso 
the research funds of the Institution: that ihore wore various Imps of 
work which the tloverimieut w ould hardly feel jusiilifHl in takiiig up^ 
but wldidi would rome witliiu the sc.o{j<i of the Institutioirs activi¬ 
ties, and wfiieh it Would assume, provided funds could be had for 
them. 

n^atTTLAB. UEETmG. FEBB-tTAB^ ID, IDlO. 

Present; IIoiu Melville W. Fuller, t'luef Justice of the United 
States (chaneellor)i, in tho chair: Uon. James S. Sherman, Vice-Pn?s- 
idont of tho United State#*; Senator Shelby M.CuUom ; Semitor TTenry 
CalKjt Ijodgo; Senator Augustus O. Baron; Represcmlative James It. 
Mann; Repre^ntalive William M. Ihvward: Hon. (korgeGray; lion. 
JolmB. Hemkwni: Dn Alexander (iruJuan Ik 11, am 1 the i*aco&tary, 
Mr^ Cliorle^ D. ’Walcoit-. 

HEAFFOIXTMEXT OF ItEWENTS. 

Tlie chn-nrellor mmouncei I that on December H, 1909, the Speaker 
<jf tho Hou^ of Ite[>rea6ntatives had rtvappomted JtoproseutatiVBii 
John DaJjiitlC James fi. Matm, and William M. Uoivard os Kegents. 
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Tlo alsKi fluted tkat Hfin+ John B. OeitideiirKou and Dp, Alf^xandiip 
Graliam Boll had boon roappohded by joijii j^iiqliiLiou of 

Congresii. 

LJiNOLEY MRMOBIAL^ TABLET. 

Thn Pti behalf of the c<]jJimittoe on a niemdrijil tablet 

tiCJ conimoniorato the work of Samuel Pierpont Langley in donneetion 
with aeroimutical science, reported that the committoo m^ommends 
that there lie modeled xn low relief a tablet aloii^ the lim?s of Saints 
Gauden’a work, cast in broiizej in general rectangular shape, tu con¬ 
tain a biis relief of the bust of ilr, I.4ingiey, and that, the lost model of 
the Langley aemtlromo, in fall flighir be siiggeMtcd in the background; 
tho tablet to lioar tho lettering: 

SAUUEIh riERPONT LANOLEY 
L04-tHn 

SxxarruY <ar mM SHmiBoifuy tyafTFOTKiy 

LB67nrl!D» 

and to bear also the text of what U known as liangley's Law ss to 
relation of epoed to [lower in aorial motitm, m follows: 

nevT cxperiincabi ((md theory almr when in their Ilglat) sbaw Umt if 

in iucli iUfml motion, ijiepo bo a piano of lixod mm and weighty mcUaiHd st siu-h 
an fmgLe, and lorwnid at Lhat h shall be eufitainorl m baHrontal 

night, then the mom mpid iho (ngtica is^ the will bo tho power m|iiiied to jnipporl 
aikdl adMiar^ [t. 

Tho committee further recommends that the tablet be placed in tluo 
vestibule of the Sniithi^nian Institulioa, nt the left of ilie entranto. 

A suggestion w'ss made that the tablet also carry the date of the 
first successful flight of the Langley model. After dhtcussiem, Judge 
Gniy offered ilie following resolution which w'os adopted: 

R4m}lv€tt, That ihc repqit gf tba gammUlne be accepted; lliat tbe cuamditco bo 
iiurrcoAed by tbe additbia nf Dr. Aliixaoder flmbam fkiU, and iJuit ibo ropon b$ 
rpJgjtt'd bdkcb to ibe coauiiittoe vrllh. pL^a'cr lu acL with th^ reqaovt Lhal tbu Libkt 
ccvtitoio on inHcriptioa idiowii^ tho dato of ih.tr fligtix of ibe Ijugloy aorodromo 
mgdtb 

SMrrHSt>NIAX AFKICAK EXPEDITIOX. 

The sec'ret[Lr_v read tho foliow‘mg letter: 

XAiaoai^ i>«QnFi&«r rs, 

To ibc SEcarrAar op Ttie SMmseoNiAs IsanTcmos, 

ftm; I |u ropoit that ih^ SmitXusonian oxp«ditlun undio' iny ehai^ baa iiuv? 
imL^bird ita work in firitJab Eaut Afrioa and bi aboaE lo fgf U|;andEi- The colLgtv 
lioba made in Entii Airica include r 

Mcunmn^ lai^c, in salt ......550 

MuniniAl?, sniall _..........__ _ _ ___3,STB 

------- o...—.... . 

R^ptilea and liatnLcbmTk! 9 , abciut....____ ..... 1,500 

Frcfib'^wator and marine tifib, laboiit....... 1 .. ^, 250 


To lad vertebimlCM **, 


. &.^63 
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lu addition tho fiieludi^ n lar^o number of nialltiMkfl and otb^r inv’erte- 

btbL 69 p eM>veml thnn:^id pbknLdj in llie Tifi^hborhood of two iboUi^^d photos;, iii]tlLn> 
pcdugi^ niatf riab. olc. 

ninpoL'UiLllyi Theodore UorwE^'Ki-T. 

The fiecretury stated further llmt the Assoeiiiteil Press dbpp.iehoii 
indicate that the espeditioii Liad setiined five spocimeHH of llie wtdte 
rhinoceros^ a very riue aidmfll. This hatl l>cen uocomplished throu^li 
the coacession of the King of Ugainht whu had given [jerniLsdon for 
the party to hunt in his domain. The colleetions ineludoJ many 
duplicates whkh would be useful for conjparative study. 

seciietary's statesiknt. 

National J/wsifUja.—The secretary state^J thiit it was liopetJ to 
open u portion of the new building to the public by Iturch but thai 
the opening of the entire building w^oulJ piobahly not take place 
until the idose of tlio yotir. Tlic ipteaiion of opening the ^liiseum 
at niglit and on Sundays was discu$scd| and after a full intorehangc 
of views, tii.e \'ice-Presi<|ent offered the foUoTiving resulutionj svldch 
WHS adopted: 

Meioli'id, Tbat tlio^ Bocretdxj^' be au llio«'i:z>i>d oLnil lo prepare prci>j>pr In- 

lionet (nr ibo opining, tm Suiidav’ttt lor ii perii>d nat longer iliun fivu huutv^ a( aucli 
pertioRt pf ibe l^aciciniil Muni-ain bu nmy deem expertSpntj, pmvideif that tliu nppre- 
printiaiu for itio piaintr:Dnn[?o ol ibe Mujeum will pcrniii. 

Gtor^f memoriat — The secretary spoke of the 

pro]iosed movetuent of the George Washington lletnorial i;V£^ocjat]on 
to erect in Washington a memorial boildingp which would be used 
as a center fur the scientific, fitenuy, and other eilucutionul lissoda- 
t1on«, ITe tiiehtioneil I he meeting to be held in tliis connection at 
the Hal] of the Daughters of the Arnerieaii llevohition on Ftibruiiry 
I Up and said that among I ho apeakers would be Prraldent Taft, 
Senator L^jdgo, anil Senator Burton. 

The secretan' said that hm pur]JOse in briiigiiig the matter before 
the board w aa merely to ebow that there w'as a profFpect of securing 
such a building iw would afford ii much needed relief lo the precent 
crowded condition of the Smittisoiunii building, brought about in 
pari by the aecommoilations which the Instittiiioii bad offcreii to the 
National Academy of Sdoncesj the 4 \-merican Asaociation for the 
Advaneement of Science, the American Historical Association p and 
others. 

The secret an" add etl that there was great need sif a buUdiiig of the 
kind rcferretl to; for instance, at the Iniernalional Congress on 
Hygiene and Demography there would be !J.O(JO persons, and it w ould 
be necessary to scatter thorn through jiossibly eight or ten buildioj^^ 
In answer to an in quin' i he said that the Gcoige W^ishington memorial 
bulidiJig would be erected by popular suhseription, and I bat it 
w'ould be entirely indcpendeiii of the George Wasldugton L7niversity% 
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DrxitJi qf F€rdi'nmid \\ The secfetan' unnounceil with re^Tot 

thi 3 dejithp on Jimufir^' 27| 1910^ of Mn Ferdinand V. Bcriyjp chief 
clerk of the Interniilional Exchanges o( tho IieriituUon, Mn Bcny 
eoLeretl the semce of the Lietitutiori in January, 1SS4, ae a clerk, 
and was advanced from grade to grade to the position he hokl at the 
time of bis death, lie was a capablo and vaJnable employee. 

0ldro7jd coUedim .—The accrotary said that at various times bills 
had been introduced in Congress p^o^idJng for the purchase of what 
was known as "‘The Oldroyd coUection of lincola relics/^ now locates I 
in the building Ku. 510 Teuth street, NW., the house in which 
Liucoln died; his object in bringing the matter before the board was 
to call attention to tire propiiisal to organii&c what might l-e drscribeil 
as it" NationalniEiseiim for this eoUeclion; Jia ihonght that tho esbd*- 
llshment uf such independent ‘^NutioEuiC* museums shonlJ he 
discouraged by the board which had under ila charge iho legal 
National ^lEuaeum; ho was not asking for any definite action es he 
thought that bis object could veiy wdl be aceomplbhed if he could 
eulLst tiie imeroat of the congressional Regents when matters of tliis 
kind were brought before Congress. 

Andrews vnU case ,—Senator Henderson said that he had requested 
Hr, Frank W, llackett to make a personal gtatonient to the board 
ill relation to the present cnndiiiun of the Amlrcw'H will casej par¬ 
ticularly with regard to u proposed action for tesstUig the validity of 
the Andrews bequest in Ohio. 

Mr. llackett submitted his statement, and, after dbeussinn, the 
Vice-President offorc<l tile following resolution, which w as adoptech 

Ritchetiy Tbai ia vbw of th^j&latoaidnt msiiik by Mr. Fraak W, Hsiirkott to the Board 
oE RegcDti, thfl oatiri- tnaiUTof liiy Audrow^ will cilsb bo mfuirod b^Lok to vo 

commilK?? with fuJl paveM to act. 

PnEfiE^STATlON UF LANfil.H V lUEUAL TO MESSRS. WIT.^Un aKU OIIVIIXE 

WTtlOnT. 

The chancellor said that the next busine^ before the meeting was 
tho presentation of the Ltmgley niedak to the Wright brothers. 
Accordingly, these gentlemen were osoorted to the Kegonta room 
and introiluced to the board. 

mSTOElCAL ADDRESS BY DR. ALEXANDmi OIIAUAM BELL. 

Doctor Bell said: 

Mr. OhaDcellor, the award of the Langley mediLj to the Brothers 
Wilbur and Onnllo Wright emphasizes the fact that we are living In 
an age of great achiovement^. 

The twentieth century had hardly dawned when the world 
startled by tho discoveiy of radium, which has opened up an entirely 
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MW field to scieuc&p aod which has led us to modif}' profoundly our 
coocepLiDDs regarding the ooustUutlon of mutter 

Another now field hm been roTeded to o& through tlie deTelopmoJil 
of wireless telegraphy and telephony; mid we now utiliEo the vihra¬ 
tions of thoelherial medium (jf space for the trauinmi^ton uf thought. 

Then agahi we ma}' note the most revolutionary changes going on 
before our eyes relating to methoik of transportrition^ 

The appearance of the hydroplane boat prohabJy foreshadows a 
revolution in marine architect tire and propulsion. On land we ^ea 
motor cycles, aatomobUes, anci electric cars dkplacing the horse- 
Petroleum and electricity have become powerful rivals of steam, mid 
\i e secin to be on the eve of n revolution in our molhoda of rjiiho^iiJ 
transpurtatiuiip thraugh the application of tlie gyroscope to ii monoraO 
liydiem. And now aerial transport has come, ilkpensing with ruib 
aial roack altogether. The air itself has become a liighwayi mid 
dirigible balloons and Hying machmes are now realities. 

How well the predictions of Liaugley haire been fulfilled. We now 
recogiibc that he waa right when he said a few years ago (1 &J97) that— 

The world ladKd will ha ^upbiu U it redixo that a new po^bilUy Jiius iiniiiu 

to it iuid that tlii^ great uuivef^ highway o'^'erhead ii now ftoon to 

It has been opened, and who can foretell the consequences to maul 

One thing h certahi: That the physical obstacles to travel have 
been overcome, and that there b no place on the surface of the gloho 
that k inaicees;sjl>le to civilized man, through tho idr. 

Docs this not point to the spread of civilization aJl over the world 
and the bringing of Ught to the dark continents of the Ciirt ii I 

THE or AEIUAI. KJOIIT. 

Who are reaponsibb for tho great developmcnta iu aero^lromlvs of 
the last few years? Xoi simph' the men of tho prosout, hut ako the 
men of the past. 

To one man especially is honor due: Our own I>r. S. F. Langley, late 
Sef:retary of the SmidLsonia^ Inslltuticn. When we trace backward 
the course of history wo come tinfailmgly to him as the great pioueor 
of aerial flight. 

We have honored hb name by tho eatablbliment of tlie l*angley 
medai; and it may not be out of place on thb, the first occasion for 
the presentation of the medal, to say a few* words concerning liitngleyk 
work. 

ijlsolet' 9 wyaa. 

Langley devotwl hb attention to acroiJromics at a time when the 
idea of a lljdng machine was a subject for ridicule and scorn. It was 
as much as a mank reputation was worth to l>c known to be at work 
upon the subject, ilo bravely faced the bsue, and gave to the 
world hb celebrated memob entitled Experiments^in Aorudynamicjs,^* 


Ulfi 


PROCEEDINGS OJ? REGENTS* 


In this work he laid the founilotions for a pcienre and art of aero- 
dromic^^ anil ndswl the whole aohjoot of aerial Ihght to a scicntifu: 

plmte. 

The knowledge that this eminent man of seience liellevixl in tlio 
[jmcticability of human flight gave a great stimulus tu the at'tivilies 
of others aud started the modem raovoment ih favor of aTintion tliat 
hi such a marked fuaturo of tonihiy* 

Everyone ni>w recognizes the mlluence exerteii by Langley on the 
dev^clopment of this art* The Wright brothers, too, have laid tlioir 
triiiute at liH feet, 

'^Tho knowleOgOj^* they say% “that the head of the most ptHjmlnetit 
scientbie mstittiUun of America belieViui in the possihility i>f human 
flight was one of the inllitences that led us to uni lnrl rtko tlie prelimin&ty 
invostigationfl that preceded our active work- He i-etommendcnJ to 
ua the books which enabled us to form sane ideas at the outset. It 
was a iiclping hand at a cHtidai tuno, and we almll always begratefuL’^ 

co6^TIMa^l■no?fs to tuh or ai^uovkomh^. 

Ijj^^mgley's ex]ieriments in aerodynojuics gave to physicists, perhaps 
for tlie first tUnB, finii giHUjJtd on which to stand as to tlie long dis- 
jiuted questions of air resistancea mid reactiom. ('haniito says: 

(d) 'Tlicy ■fflatatiliiliod a mare latuble tgr n^tQ4ii^!iL!Ar prcatur&i than iluit 

of 

(t) They tlul upcku lucllued |ji£» mr pre;^un.<d w^ra r mtl y ncnmal to 

Lho ffuriaco. 

(c) They dbproved the ^^Newtoaiim that tli^ agrranl proseuro \'aried u tLs 
^cfuare of Gie angle of iaeidonou on inL-KawC 

(^0 They phow«l tlmt llio fumida of Puchclniap prt>pt«hl ia IfiSe arid 

Ignored for fifty ymi^, waj dpprarimiiloly eoTEvcL 

(jf) That lho potiiljcin *A the ci^ater al jinsfiEtw mried witli tlio ojijrlo of inrUnatioiip 
anil that on plonisa ixa movomitnLa appruidiaately foUowed lho fomulat^l by 
Jaeaieh 

(/) 'rhfttobluiif'pkci^, proflenteJ with iheirl-nn^t dloiiiii^fiHin to thollnaof modoiip 
wons morcp effective forflUptKJrt (h&n when presontod irtth lluar nnurower iido. 

(j) Thai planod tnl^t be su^a^nxieed without lo« oJ mpportin^ power if apai^&d 
ajuirt conua dklaionta which mith tho 

(A) That tliiii plMiM coii5utnt^ itaw power for aupport at high Apecdj thim al low 
#pcetlsr 

The parailoxic^aE result oljtaineil by Langley tliat it takes less pow er 
to support a pkno at high speed thjBP at low, opens up enormous pos- 
sibiUtjes for the aerodrome of the future, it mults^ as Chanute has 
pointed out, from the fact th&t the higher the sjieed, the less need l>e 
the angle of inclination to sustain a given weight, and the It^ tliere- 
fore the horijmnUl component of the air pressure. 

It is tnie only, however, of tlie plane itstlf^ and not of the struts 
and framework that go to make up the rest of a living machme* lu 
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order^ ther^foi^i to laki^ full ftdvatitag:^ of Laiigley^s Liw, those yHJr- 
tions of thft raacldne that offer ht^ud roftistanco alone -without con- 
triliOting am^tlun^ to tho auppurt of the machine in the air, should 
ho reduced to a miniirium. 

CDNTniBcnaxn tq *mK or AERCi]:»RDXi(?fl. 

After layin.!^ the foundatlom of a science of aerodmiLdcii^ Lanj^ley 
proceeded to rodtieo Im theories to practicp. 

Between ISOl and 1895 he bull t four aerodroin e raodels—one drivfc=»n 
by carbonic ackl gaa^ wul tliree by steam engines. 

On the Gth td ilay, IS06, his Aerodrome No* S wus triet! upon the. 
Potomac Hiver near Quantico^ 1 was rnyiielf a witness of this cele¬ 
brated experiinetit, and secured photographs of the niachinc in the 
airi which liaTe been mdely published,** 

This aeroilrome carrieil a stoani engine and had a spreatl of wing 
of from 12 to 14 feeU It sliot into the air from iho top of a 
house boat aochortid in a ciuiet bay near Quantico. 

It made a beautiful llight of about 8,000 feet, considernbly over 
half a mile* It was indeed a most inspiring spectacle to sec a steam 
engine in the air dying with ’wings like u bird. The eijuillbrlum 
seemed lo be perfect, although uo man was on board to control and 
guide the. niacliine. 

I witncasecl two [lights of this aerodrome on the same day and 
came to the conchision tliat the possibility of aerial flight hy heavier- 
tlum-air macldneii had l>een fully demonstrated* The worhl took the 
BJimo %dew atxd the progress of practical aerudrr.nnicsa w^as mimeusLdy 
stimulated by the experiments. 

Langley aften%^Rr«ls constructed a number of other aerodrome 
models which were 11 own with equal ^access, and he then felt that he 
had brought Ids researches to a conclusion, ancl desired to leave to 
others the task of bringing the experiments to the mau-carrying stage. 

Later, how-ever, eiicoumgcdby the appreciation of the War Dopart- 
mentp which recogniased in the Langley aerodrome a possible new" 
engine of w"ar, and atimulated by an oilntment of S,=50,000 fmm the 
Department, ho coasiructed a fiilj-sloed aerodrome to carir a man, 

Tw'o attempts w-eje made, vrlth -Mj* Charh'^ >L Manly on boaril as 
aviator, to shoot the machine into the air from the top of a bouse 
boat, but on each occasion the machine caught on the launching 
ways and was precipitate into the w atcr* 

The public, not knuxving the nature of the defect which pro-vented 
the aerodrtjme from taking the air, received the impression that the 
mo^^hine itself a failure and ciinld not fly* 


« A pbelc^pb of ihid tlight wod hert shavm. 
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Tills cuncluBion wfts not ivorranted by tlie fnctB; and to me ami to 
otlicn who iiftv* examined the ajiparatuw, it ewms to be a iwrlectly 
good flying roBtidQe—csadlently ootistructud and the fruit of years 
of labor. It was simply never Inuucbed into tlia air, and ao has never 
hod tho opportunity of showing what it could do. Vilio can say 
what a third trial might Imvo ilamonstroteil'l The general ridicule, 
however, with wldeh the fiwl two fnilurea wero received prevented 
any furtlter allotment of money to give it another trial. 

cosrcr.u&ios, 

I,angler never reeovored from Ids disapjKjintmetit. He was luindl- 
inted by the ridieiilo niili which lib elTorts liad Iw-ou receive<h and 
had, shortly afterwarib, a stroke of paralysis, Witliin a few months 
a second stroke camo and tteprived lum of life. 

Ho had some consolation, however, at the end. Upon hia death* 
bod he received the resolution of the newly formed ‘‘.\cro Cluh of 
America," conveying the sympathy of the uicrabere and tiieir high 
appreciation of his work. 

Langley’s faith never wavered, but lie never saw a man-carrying 
aerodrome in the air. 

His greatest othiovements In practical aerodromies consisted in the 
successful construction of power-driven models wlucli iictuolly Hew. 
With their comiruction ho thought tiiai lie had finish<*d hb work; 
and, in lUOl, in announcing the supposed conclusion I'f Ids labors lie 
said: 

T hove tfl » Pwtioa of tin; wnrlc wLieli seemed tn I c Hpecbltf 

mioL—ihe tlpwoiislralten ef the prjcliettbllity of mei-himijCiil flight—and far ilia uext 
Etogi.', which ia tiic ci^isiuCivliiJ uid pnwliool development of the iJtft, it i* probable 
tfint tho world may look Ip olheni, 

He was right, and tho others have appoaretl. The aerodrome has 
reached tlic conimcrcioi and practical atoget and cldef among those 
who art) developing this field arc the brothers Wilbur and Orville 
Wright. Tliey are eminently deserving of the highest honor from 
us for their great achievements. 

I wish to express my admiration for tlieir work and Iwlieve that 
they have justly merited tho award of tho Ltanglcy iiiwlal by their 
mugiiificcnt deiimrisLratioas of mcchiinical flight. 

rtlESEXTATiON ADDRESS llV SENATOR UEXRT OADOT LODOE. 

Sentttor Lodges mid: 

Mr. Chouc^sllorp fomidctl for the mcTeaao and diffusion knowieJife 
Amoii^ the SmiUiSrtnifln Institution baa always considered that 
one way in which it eould most appropriately fuinil lIir purjKtses of 
its founder was by the rceognition of i;reat aetiievements m scientfl. 


PEOCEEMljrQS OF UEGENTS, 


toy 


Identified 'ft'ith the science of nerodroinJca through the work of its 
eminent aecretsiy, Doctor Tjangley, It has had a peculinr interest in 

wlmt has Iwen clone in that field- 

We hove just heard of the results achieved hr Professor Ijingley, 
and 1 think it is not mucli to say that his life in a measure was 
sucrifleed to the work which ho did in the establUhnrent of the scien- 
tilic principles of aerial flight, to which he gave so much of his life 
work and fc»r which recognition ia noiv given iliroughout the entire 
w'orld. Nothing, therefore, could have given 51 r, Langley more 
pleasure than to recognise the men who have successfully demon¬ 
strated the soundness of liis principles by their application to actual 
flight In machines heavier than the air» I repeat that nothing could 
be more approprinto than that such a denumstration should receivo 
the rei^ognittoii of the Sniitlisonian Institution. We am glad to do 
this in tite case of the Wright brothers, not onlj' on account of their 
courage, their enorgy, and the ability they luive shown, but also 
bi!cause we feel, 1 tliink i may e»y, a not unreasonable pritic in the 
fart that they art Americans. It b peculiarly characteristic of 
Aincricitna tt* be pioneers; [iioneers across the great, continent on 
whicli we live; pioneers by aea, and now [>ioneers hy airj aud to 
Wilbur and Orvilb Wtighi, pioneers of what Di*ctur Langle)' calls 
‘‘the great universal highway overhead," w'ho by their achievements 
hnvc addetl honor to the Auicrican name and nation, w‘e now prcwjnt 
the first Langley medal tliat the Institution has confcrretl. 

nnsrAtiKii »t wilbvb tvniQiiT. 

The cbaitcellor then presented the medals lo Messrs, W ilbur and 
Orville Wright, saying tliat it gave him particular pleasure to do so. 

Mr. Wilbur Wright addressed the board as follows: 

Mr. Clianccllor, at different times my brother and myself have re¬ 
ceived recognition for the work which vre have attempted to do in the 
line of aerial research, but in no instance has such recognition given 
us greater pleasure than that wliieh wre now receive from the Smith¬ 
sonian Institution. This is particularly the case because the Inati- 
lulbn, tlifough Lbcstmlire and work of Professor Langley, has always 
taken interest in scientific research in matters relating to the 

physical pro|)erties of the air, and this interest ims extended to prac¬ 
tical attcmids tr» fly. We arc vciy much gratified, therefore, that the 
liLstitution has tliought, tmr work worthy of lliia honor, for which we 
desire to express our sincere thanks. A subject of researcli wliich 
has not yet been completed, and one to W'hich Doctor Bell has called 
alLontion in the work id Professor Langley, Is the coefTicient of air 
pressure; that is, the pressure of "Ind /;t a certain speed on a plane 
of a certain size. A great many iu\ . < igations have been mads by 
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Professor Laugky, and other people tmvei also experimented in this 
art, blit for the most part the results have not yet been brought ’mto 
shape to be presented to the public. Our own work in this particular 
uiYestigatlon we have been obliged to s&t aside for a while on account 
of the press of business niatteiSp but it is our intenttou; as soon as these 
business details are arr&ngod, to take it up again and present the 
results to tho world- There is a great deal of work to. do in thb hne^ 
and a groat many other researches to be taken up^ which will keep a 
large number of investigators busy for a lifetime, and I venture to 
express the hope that tlie Smithsnnum InsUtuLion will continue to 
encourage tlie labors of those engaged in these fields. 
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ADYETITISEMENT. 


Tile objwt of the GEXEKjUi Appendix to the ^\iiniial Report of the 
SmitliForiinn Institution lit to furnish brief accounts of scientific dis- 
cavery in parttculnr directions; reports of investigationn made by 
colls bora turs of the liLsUtution; fsnd memoirs of a genefid character 
or on special topics that arc of interest or value to Uie numerous 
correspondents of the Institution. 

It has been n prominent object of the Board of Regents of the 
Smithsouiaii Tturtitntion, from a Tory early date, to enrich the annual 
report required of them by Isw with memoirs illustrnting the moto 
remarkable and important derelopinenta in physical and biological 
discovery, ns well as showing the general character of the operations 
of the Institution; and this purpose has, during the greater part of 
its history, been carried out largely by the publication of such papers 
aa would possess an interest to all attracted by scientific progress. 

In 1880 the secretary, induced in part by the discontinuance tjf an 
annual summary of progress which for 30 years previous had been 
belied by well-known private publishing firms, had prepared by com- 
peteut colia bom tors a series of abstracts, showing concisely the prom¬ 
inent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, tnincralog>> botany, zoology, aiid 
anthropology. TTiis latter plan was continued, tiiough not altogether 
satisfoetorily, down to and Indtiding the year 18SS. 

In tlie report, for 188S a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them ori^pnal) 
cmbtucing a considerable range of scientific investigation and dis- 
ctisaion. This method has been continued in the present report for ItilO. 
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AIEI.VILLK WESTOX KdLLER—1833-1910. 
tWhli 1 ijinio.t 


Bi' ClIAkiJU n. W'Ai,a«T, 
Srcrtt^iri/ uf ttte SmithiumiffH /nxBlirtfan. 


^ AleJvitIc Wiston FtiJli»r, doctor of laws, Chief Justice of the Utiitcd 
Mates, clwuicellor of the Smithsoninn Ijistitution, was born at Aii- 
Me., Febnuirv 11,1S33, and died at his siimnu-r home, Sorrento, 
Me on Uie moniiti^r of Jiily 4,1910. Me became n statutory member 
of theestablblmient of tho Smitlucmiaii Institution, and al-^ a mem¬ 
ber of the Board of Regents oti October 8, 1888, bv virtue of his 
appointment as the Chief JnsliCT of the United States*. He wn <5 
elected chancellor of lJ»e Institution by the Board of Regents at its 
nnnnal meeting January 9,1889. 

The chancellors who precede! Chief Justice Fidler were; Vice 
^nlcnt George Jlifflin Dallas, 1840-1849^ Viov President Millard 
Chief Justice B<»ger Brooke Taney, J8.>f)-180l; 
Uiief JnstjCT Samuel rortlnnd Chase, 1834-1873; and Chief Justice 
Morrison Rcrniek TVaite, 1874-1888. 

For ^ years, until his death in 191D, Chief Justice Fuller was must 
dwply interested in the general welfare of the Institution. He pre- 
aded oi-er the meetings of the Board of Regents most wiselv and 
jiidicioii.sly. IVitb one exception, there was not a meeting of the 
rc^nts diinng that entirt^ period when he failed to be present. 

The Regents of the Institution expressed (heir sorrow in the fob 
lowing words of tribute to his memory, adopted at the annual meet¬ 
ing of the board On Decemlwr 8, 1910; 


^ Regents of the Smithsonian Institution hare 

o" "it ISKJt of Melville 
-nJ* Justice of the United States, and for t wen tv* 

two years chancellor of the Tn.rtitution; therefore be it 

That wc desire hen* to record our profound sorrow' at the 
^ e ng of the tie that has bound us to him for so long a period of 
honored service; tliat we feel keenly the loss of a wise pre-hiding nflicer, 


OTQTS*—SM UttO-8 
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wlioe«- stotv o f U'Briiiiig ntid craciouA iligJiit j li«ve prove cl j=o in- 
vsduftbkt in the rleiilrtrnliniia of tins board, timl whose loynl interest 
m tJio Smitiisonitin Institution hus been a sonrtre of inspiration to hi.? 

ooHcsignes, . , . , , 

Heaoli^ed^ Tliat we share in tlic gtitr of the nation at the passing 
away of one who was at onee a ilikingtiished leader of tiio grcatest 
kgal trihiinal of oiir hind, un eminent jurist, a patriotic c’ttiMii, n 
shining cxainpla of <'iiriiitian gentleness, ntid who hImi possesHed so 
charming u pcr^inulity iiS a mnii and as ii friend. 

/?»'ifofrrf/,That-’wc respfwj fully tender to the memberH nf the fiimily 
of oitr lote nssocinte, one sineerest siTnpathy in their great bereave- 

Rcmh€ih Thiil un copy of r^^toliitinn^ Iw tenns^ 

inllLod in tlie family of (he late difliicellor. 

An ndcqiiatc icvWvr of the life of tlint emment jurist would re¬ 
fill ire more sp:iC«J tliou can be devoted to the subject in the present 
report of the board to Conp^ts^. Numerous in his nieniory 

Imve b«iti delivered by iiictulx'ra of the bur of the Suprtnne Court 
and by juriKt.'i throiiwlioul the lund. It is fitting that sidcctiong from 
flome of thr^ tributes should be recorded* 

At a meeting of (lie bjir of Hie Siipnime Court and of its oilieers on 
lK^x™l^er 10. ItllQ. Mr. Eldtanl Olney. chuirmoti of ibc meelmg, and 
foriueiiy nil iii^^OL'fale of Chief Juf^(see Fuller on the Roartl of Kegeuts 
of the Smilhsoniun TTistiLiition f^iiid:^ . 

“ Geutlemen of the bur: The doutb of the Chief Juulira of the 
UTiiteJ 2??tntes is un event of the first imporluiK^e. Undoiiblcdly it 
does not impiTsa the general public as doe» the demise of a President 
in ofllce. It doe* not elicit Ihft same nikunifestntions of genedil uor- 
it is not markctl by the same profusion of funeral pageantn' 
and ftmeral oratory. It is nevorihelc?^ an occurrenet* of much 
greATtcr monieid by reason luith of (he longer tenure of the Chief 
Jiistit-t's and of tlie unique ehanicter of its fivndioiis« Xo 

single Presideney^ probably no iiumW of Presidencies eombined, 
hits ever influenced the dedinies of this country so vUnlly unil so 
lurgdy us did the single C/hief Justiceship of Jolui MurshalL in 
stilling Melville W. Fuller to the roll of the country's ("liief JiisticeSt 
tlicrpfore. one of our great Presidents exercised his highest prerogri- 
tivc und porforiuei] the act of his officiul life most fur-reuching and 
enduring in ixmsequorn>es. That l*resident Cleveiund's choice 
wflLs forluunte has Joiig bt^rn generally coni'edetb It put at the head 
of llie iLatiorini judiciar}" ts well educated scliolar and u wdl-tratned 
lawyer; a man who had won distturtion nl the bur cm his ments and 
by his own efforts: who wus not the lawyer of but one client or in but 
one field, but was expert in all vurielies of professional work: who, 

iTTsui piminji iwi^ln fram » l-E-mmUtiin or iht insr jiDd of tSi* *EtprrtinLe 

Cnnrl tUs TtiIfpiI KJaEi-* in tUi-morj «1 Decfmt^r lO, lOiO/* 

1% utiinrt-gn: 1^11* pp. 
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gtarLiiig ui tlie extit'iiiie. uorthtastem eo^n^^^ of Uie Union ^vhc^iu 
lie indtilf^od himself in sueh vanons activities ns l>cin^ president of 
tile i:\iy coiinciL city solicitor, and newfijiapor editor, imon tcwik 
llornce (ireeley^s ndvice to young coein and tlirte years after hh 
iiHinissirm to the bar established Lijnself in the Jiictropolis of the 
"West: who from the beginning and ns long os he remained at the 
bar took the good eifizien^s interest in politics, and tlins put himself 
in touch with the currents of popular thought and sentiment: and 
who from (he ont^^t of his career was in thorough sjunpatliy witli 
the dcruocmtie pdneiples which underlie onr political institutions. 
Once inducted into his grCEd ofEce, ho from tlio l>eginning Jier|uitted 
himself Fo Judiciously and flbfy and yet so modestly iis both to iucrense 
the esteem of friemls and to forestall the cavils of would-be eritica, 
Tlie limita of this occjision do not permit any adequate analysis of 
his merits ns a judge or any satisfactory' estimate of those lalx>rs on 
the Bench which occupied nearly 23 yeai^ of his life and 

are only pailialJy ^lown in over (M? volumes of tinited States Su¬ 
preme Court Eeportfi^ Tt is, liow'evert only just iiiid pro|K‘r to say 
that. large and novel and momentous in their aspects and conse¬ 
quences as are many of the legal issuer constantly presented to the 
Supreme Court of the United State??, Chief Just ice Fuller never 
failed to rise to the lieight of the occir^ioiu anih wdiether as one of 
n minoiitv or a majority of the court, to worthily deal w-ith them. 
Jlfiny of liiH opinions are ntodeb of lucid statement of exhaustive 
research* of eioso and conclusive reasoning. • * • 

“ Eesjidc^i doing Iiis share of the legal work of the Suprente Court, 
the Cliief Justice is its executive and presiding officer. His qualities 
in both eapacdios have alwavs received unstinted commendation. 
He was anxious to keep the docket rnoving, to prevent any coiiges- 
tion of the hristoe-ss of the courts and Ui ovoid nil deSaj's in the dis- 
position of vsiijsps not nh.sQlutely essential to the due administiidtou 
of jur^ice, lliat ho uccumplished those purpoi?CK with great succt?Ss 
was due largely in his native tact and his iuvannble good temper, 
f >vcr the public deliberations of the court he presided with a dignity 
and gniee nil his uwn. He was a pnlicoi and attentive listener and 
w'as content that counsel slioiild have full opportunity to develop 
his ca.se in bis own way without interruptiuu, Ke was specially 
i>onsidi-riite of the debutant, whether young or old, and niany a 
first apiHi^a ranee at the bar of tho court at. IVashiiigton bn^ btren saved 
from wreck by the encouraging und and sinile of the Chief Justice. 
For thoi^e of ns to whom the zest of life is largely in. memories, few 
things can be iitoi-e gratefully recalled than the spectacle of the 
Chief JuJitice sitting wiih ]\\f% colleagues to listen to the optmiiig of 
6omc newcomer, ami by every woril and tone ami geetiire e_vpressing 
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tlxp (i-saiimnce that, whether his case or his prct^iilulitm of it was 
btidj OP iiidltrcrent. he had fi well-wisher at the head of iKe 
court. It tuiist not he ii[ider$tooi;1 (hut these oc^u^ods elicited any¬ 
thing uimsuel or CNrcptional in the bearing of the Chief iTu-^itice. 
On the eontraiy, tin* aaino eonsitlemte and gracious demeiiiior marked 
his entire administration of his duties as chief of his court. No one 
was siitibbud, no one left the court with a right to feci tliat for some 
occult reason he wins not persona grata. During his Chief Jnsttco- 
ship I he court at Washington haa been universally acclaimed as the 
most agreeable tribunal in the country to appear before. Members 
of tlie bar found there a forum in which the height of dignity was 
combined with the height of simplicity, in which ceremony did not 
degencin[o into fussiness, and in which form was not exalted oyer 
substance. All can not fail to miss tlie ccntrel figure, in whom fjcrfcct 
itindlmess of iiianncr was joined to equal inncxibillLy in all essentials. 
They nho knew him more intimately, and as the man tia well na the 
mflgUtrate,gnji not but grieve for the passing of a friend and comrade 
whose unique nnd personal rhami mere words are inadequate to ex- 
pre.-s. Fortunate in his life and in the opportiinitie^i of a great career 
clearly apprehended and worthily ijlili 2 se(l, tlie Chief Justice was 
bIm fortunate in the cireumstances of his death, wldcli found him 
still in haj-ncHi and still charged with the n^spollsihilit^c^i of hit 
great office. ‘ When,’ snya lAmd naciui.' a man hath ohtainwl worthy 
ends and e.xpectatioiis. the sweetest canticle is “jViihc DimittuT"'’' 

At the meeting referred to above the following resolutions were 
LidQpted: 


lirsoh'ed, Tlipt the members of the bar of tlm Supreme Court 
dffiire to express their profound Tegret at tho death of Melville 
Weston Fuller, eighth Chief Justice of the United States, and to 
record tlieir high appreciation of his life and character and of his 
conspicitous Qitcl fill til fill scTvire ti> his coiinlry. 

Born in the Stntc of Maine, he went to Chicago at the ace of 23 
when that grwt city was in its infancy, and there entered mioii hts 
long and distinguished professional career, which culminated in his 
elevation to the most exalted judicial station b our fWmuenl 
lie somired the advantn^s of an acndeniic and classical education 
at Bowdoin College, and always rotoined the habits and tastes of the 
rtndent and reholar. 

Ho was a man of the most o.tttnsive and varied readiiig in the nrn- 
iKtlire’' politital dheussion uncr in general 

^ TOmmanding position at the then e.^centioo. 
ally brilliani bar of the city of his (uloption, nnd for 33 venre carried 
on an oxtomled and dtversifi^ practice in the courts of h'is State : Tor 
dni ho mfreqiiciuly appear lie^ore the great trihimal over which Ire 

dS^hlJJimu "" " ^UUy aid 

He was a man of singular beauty and purity of character. 
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^Vliilo he vvflM ni the bur no onu. licirlKkreJ a su^pkiun that the 
exi^eiiev of forensic conlrover&y. in tv hid i lie was alrnost const antly 
engagedj could ever tempt hmi to ELUglit that was ujifair or unworthy 
of tli 0 highest ideab of a noble anJ honorable |irofossion. 

(Ibiof Justice, it is enough to say that with conspicuous fidelity 
he fully and consistenti^^ mamtuined \ \w best trnditjons of that high 
offiev, lie took a deep interest in the ailorts to secure peace between 
nations by interuatloiml nrbitratloti, and was ap|Miiiited by our 
Oovonmieut to jnemberdiip tii the peninincjit court estabibbed in 
by liio first peace coiifererioe^ jind served in (hat cupadty. 

lILj character was marked by a gi^ntle courtesy and eunsUlcration 
w^hich constantly ilium mated and attended u|jon tliu disdiarge of ULs 
immrtant public duties^ always marked kns relations with the bar, 
and earned that i)opuhr confidence which goes out to him whom the 
people lielicVC to be a Jiicrcifiil and coDsideratLS as vvelj rk^ a just and 
iiiip::irLiuJ Judge. 

All thb he was; iiiid| endowed by nature witli talents not iiiforior 
to those of libf pralcccsaors* possessed of uttuinmeniSt training^ and 
experience ndemnite to the exacting requirements of his great offi{5e, 
he filled it at all times in such a niaimcr ns to eoiumand the adiuiru- 
tion and res[>ect of the bar and the grateful appreciation of lus 
countrymen* 

On the morning of July 4 Insi^ at his beautiful summer home, on 
the soil of the State in which he was horny and to which ho rrinaincd 
alw'ays deeidy attached^ his long, u^ful, and Uonomblc life ended; 
and when the sad annonneement was nnulc^ we who had practiced in 
the gi^eat tribunal where he so long presids'd felt a deep sense of 
personal loss and pctsiinal bereavement tliat he !iad gone from us 
forever. 

ahCf That the Attorney General be asked to present these 
rc^lutions to tlm court and to request that they lie inscribed upon 
its perimitieni records* 

^Vnd that the chairman of ihis meeting bo rcqiicsfed to triLusiuit a 
copy of Lise resolutions to the family of the late Chief iTiistjce mid an 
ppression of our sincere sympathy with them in the gmtt and 
irreparable loss which they have sustained. 

Iii seconding the resolutions Sir* S* Overman said: 

“The pe<>pIo of this country* Mr. Chairman, have the greatest re¬ 
spect for the law for its own sake, and there is no country in the 
world which honors and retapects its great expounders and udmlnis- 
trators more than does ours; and the reputation of a gixat and 
upright judge ia one of the greate-sl inheritances of a free and happy 
people. Our eountrj- has been blessed witli a Supreme Court whose 
able, justy and upright justices have luhlcfl to her history a crown 
of glory and been to the Republic and Its people a shield of pro¬ 
tection* 

With untiring iubori with a hn>ad gra^p of the principles which 
nralerlie tha structure of our Governinejit, in llie light of their genina 
they have traced back the prineiplea of Uie law to their fountuin 
springs* and I ben, running them forward to their logical conclusionj 
with their cxpaiL^iveness and flexibiliiyj they have so applied thein to 
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tlie grcftt- problems nrkiii^ coDtinimily iimkT new coD<lItiaiig^ inci¬ 
dent to yiir pTogv^a nnd higiicr civUbrttion ilnit i>ur n^pnblic^u in- 
stitiitioim titiil tliE^ uiTairs nf tlie people have not siiEfeml. 

“ CTliief Justice Fuller was niiitong' the greatest of Ihost^ ^!al nnil 
illustrious lawyers anil judges, and it is (Jicrefore most fitting that 
we Eliould do honor to iii^ meinory and hold these approprinie exer¬ 
cises. By so doing wc not only honor liiiti, but we foster UiiH spirit 
wliich always exLsLs oinot:^ a fvm peopk, nnd which tends to con¬ 
serve our highest ideals and uphold our free institutions, (keat men 
make great history + and love, veneration, end respect for thoiti make 
a great people. 

®^The great Itailun poek apeaking of the uiighty presence wlurh 
he met in lliat mystic I'eulm of departed spiriLs, paid a gi'cut tribule 
to him when he said, "lIis was a life so round and full tliat when 
it ladled out of time into eteniUy the world knew not how great 
a void was left until a gene rat iou ho^s pa.^'cd away/ This tliouglit 
is applicable to him whom w e meet to honor to-day, 

^ fie wiis not a young msm, dying in the fullnesi> of his strength and 
power with uidillecl poeisibilities. This is no place (or sorrow. Tins 
nian dietl nfter a full, well-rounded, completed life. Ho died when 
age Tvas ripe, with the harness of his great officio! position yet upon 
him, and after maintaining the best tradUiona of his great ofBio? and 
of a gii‘?jt lawwer. Cmwned v, ii\\ honor, ripe wilh agi\ respected 
by a great poople. he leaned hts white head l>eneittlt the soft touch 
of death—a death bdilting Kiich a life. 

" ‘Wtjy weep yOn ttieup lot him, wha, hmlnK ran 
Ttie thDamlfl of iiiLui'ft a|iiHantcd yciirK, a t lust, 

LtfcV aU enjo^ftl, Ufa'^s Iflbcr 

Sereauly la b!a finaJ rest baa pulsed?' 

Mr. Charles E. I4tttlefield, on the sonte oceasioiu said t 
^ * ■ * He eamc from u family of ubie preaclict^ and lawyers. 

With Mr. Chief Justioe Shaw\ of Masjflichusetlst one of the greatest 
jiislicte tSittt ever* sat on the ilnssadviist-tts b^jneh, lie Intd a comnion 
iiiicestnr in l!ev, ILtljijnh Weld, calleil In his time ‘ii perfect 
Boiinerges in the pulpit.’ Her, Hnbijnh Weld was tUe fourth in n 
succession nf four general ions of preachers. Mr. Fuller's piilemiil 
and maternal grandfathers "svere both lawyers;, of note. lion. Nathan 
Weston, his mother’s father, was one of the first nsssociute justice.s of 
the Maine supremo court and its chief justice for seven years, and 
a lawyer and judge of unusual ability. His father and mother each 
had a brother who was a lawyer. Me graduated from Howdoin Coh 
lege ^vhDI^ 20 years of ago, destined to become one of the most dis- 
tinguLdicil of an iiliinmi which has a larger percentage of men of 
eminence and note Ihnii that of any other iHincatii mu I Institution In 
the country. Me had by inlieritance an tiptlLude for tlie law. Ad- 
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mitt^d to Llic hiir in Jlaiue, deniring n ’n idm- field, in ISMi bo went to 
Chicago, w'liene^^ w ith gratify mg sitfirosstj ho [^raetieerl h\A profft^Aion* 
IIttHilling It liigii rsmk* untii his nppointmetit ii!j t'hiof Justice of tlu" 
SiiproJiie Court of the United Statics April 30, 18BS, Ills prnetiee 
WHS generul, and exlensivoj iiivoli’ing unicli iinporLiint litiga* 

lion. With grt^ut iibilities, a ripe cbissical scholar, letirned imd pro¬ 
found in tho law, diligexit, ijidustrions, cooscientious, eourugiJOiis, 
iiiiil patrioliOf of tlie liigliest perspiiul clumicten he httmghl to the 
dischnrgy of I he dnlies of the great oflire the nldlilic^-\ qualitie^^ and 
characteristics lliiil enahlcd him to addeve -igniil sttcccss^ The 
dignity, urbanity, Irindne^^i, eonsidenitioiu and gentle courtesy with 
w’hidi lie presiderl over the delilienxtions nf tlie Sufireme Court ef tha 
United Sute^i eJideared him not only to his associates on the bench 
In It won for him the love niid respeer of a great profession. Of liiin 
it could be trnlbfully said, bVnd they SihnU jiidgtf tlie [>eoi>le with 
just judgment, • * ***' 

Mi% < ienrgf' Trire jFifiid: 

• • • other court in the world is intrusted with such 

powers as this eotirL It deals not only with grvni qiipsitions of 
controversy arising I pet ween individual dtii^ens of iliiterent States 
and between citiKcns of foreign countries and onr own people, but 
to it is intnistetl the ultimate interpretation of the laws and Consti- 
tulioii of the United States, with |>ower to declare miU and void not 
only acts of the legishitum of the ditrerent States, so far they 
come in conflict with the Feticriil CoiisLitiition„ but alE« the acts of 
Congress, the liighest lawmaking power of the Federal Ufivarnuieiit, 
In addition totliciie great powei^ihL^ court is aliHJ given jurlsdidion 
to settle controversies hetwwn the sovereign States of ilii^^ I uion, 
and in llie past it has been called upon to eettie controvendeK which 
involved the very autonomy of t!ie States emu'^emed, the integrit^^ uf 
tlieir territory' itnd their gfivernmental jnrisdietiori and power. It 
is the first great irtstance of what is in effect modern inteniationaJ 
arbitration. In ihe setOement of ih^m oontroveTsie^ Ijotw'een the 
States this court has no statute law to govern it and ftridom any 
provision of any written con^ititutioti, but it in oljligi*d to invoke and 
apply the eternal principles of an elevated and fierfect jnotice, un¬ 
fettered by technical subtleties and petty forms, the same funda¬ 
mental doctrines of interna Lion a I law, which by the common consent 
of mankind arc the basis of tho intercourse of the civiliited world. 
To its great credit It can he $aid that in these eordrov^ersies betw'cen 
the States its judgment? have always been acquiesced in and re5[)ectcd 
and curried ont withotit question* 

^ Such are the powers of this great court over which the late 
Chief ilusticc presided for nearly a <pinrtur of a i,^iitury. TVday we, 
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the members of the bar of this court, ure assembled to pay tribute 
to his mesioij, tind fill of us hen* assembled, as well a‘^oilier mem¬ 
bers of tins Ijar of this court fruni all sections of the eoiintry, tlioso 
who have taken part in the great contests Ixifore it on the one ride 
or the other, those whose interests or the intercsls of whose clients 
have been affected by its Judgnients, with one accord declare and 
hear testunony that he dijjchflrged the great dtities of his pasition 
with becoming di^iity, uniform eourte^, with signal ability and 
unquestioned hddily and integrity; dischargied these duties in siidi 
manner as to reflect great credit not only upon himself but upon 
the eourt and the Katlou ut large. Kpeaking for myself mid, in some 
measure, for the bar of the Slate of AVost Virginia, I am liere to 
unite witJi the other members In paying Lliis just tribute to the mem¬ 
ory of the. late Cliief Justice; and, liaving said this, there seems to 
be nothing more to say. T know of no way to jmy greater honor to 
the memorr of any moji. 

“■Cliief Justice Fuller met the rea^ionsibilities arising oat of the 
great questions prewnted to this court in his day, and this is all 
that can be said of hie predecessore in this great office. MnH iall 
exercised a great inffuctice in deciding the questions that arose dur¬ 
ing the constructii-e period of our Government They were far- 
reaching questions, and the influence of his decirinns is fdt in the 
adininistrttiton of the Croveniment to this day. Clijef Justice Taney 
his successor, was confronted with the burning questions that mw 
in the great controversies preceding and during om* terrible Civil 
War. Chase and IVaitc dealt w'itb the important quest ions which 
arose out of the war—the reconstruction period, requiring the rend- 
jiisttiieiit of iiutiiT things which had been considered sidtled: the 
tyadjufdmeut of the n lations between the two sections w hich hud licen 
at war with each other, and tite interpretntion of the nmendmente 
to the ConstiEution which grew out of the war. And Chief .liuticti 
Fuller has bwn obliged to grapple w ith the gital questions arising 
out of the stupendous industrial development whirh has taken place 
in the last qiiarier of n ceninry'—questioiia of interstate commerce 
and transportation, questions of great trusts and combinniiona of 
capital, questions of Ihe mutuni rights of ciipitai and labor, questions 
relating to the regulation of milroads, besides the perplexing ques¬ 
tions arising out of the development of this Xation into a world 
power since the Spanisli AA’^ar, involving oiir relations to our colonies 
acquired by reason of tliat war. Xo one can say that these questions 
are of any less importance than those which arose in any former 
period of the Govenuneut. He and his a-ssociates on this bench have 
met and disposed of many of these questions as they liavc ari%n in 
such manner as to command the resiwet of the whole comitrv and 
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to fejiCflpc serious criticism. Tins is jli^ ivluit llnrshallj Taney^ 
Cliasii^ and Waite, and their associates did %^'illi the groat questions 
of their days; and so Chief Justice Fuller irill stand forth in history 
aa a worlliT successor of the great Chief Justices who preceded hina, 

“ Tlie hdjors of the judge are along lines that rivake for peact—for 
the securilT of life^ liberty^ and projjerty. It is hia work to settle, in 
a peaceable manner^ controversies that would otherwise result in tha 
triumph of fraud, violeuce, ntid oppression and lead to war* The 
judge is essentially ii peacemaker, and when we reflect that Cliief 
JtLstice Fuller dcvotecl S 3 years of his life 1,0 thk work may wo not 
with propriety apply to him the beautiful beatitude w^hich fell from 
the lips of Him wdio ip the Jildgo of nil the earth, in His sermon on 
the mount: ^ Blessed are the peacemaker^ for they shaU be culled the 
children of God^!” 

The Supreine Court, on January* 1911, adopted resolutions 
idcutical with tlioso adopted by the bar of that court on December Ifl, 
1910, On that occasion the Attorney (Jcneral of the United Slates, 
Mr, Wickersbam, in presenting the resohitions, reviewed tlte more 
imt>ortaut decision.^ of the court under Chief Justice Fidler, and m 
cotidusioQ said : 

“ • * * The Talmud compares the study of lUe law to a 

huge heap of dust that is to he cleared away. The fooludt man says, 

It is impossible that I should he able to remove this inmionse heapi 
I will not nltempt But the wise man says, “ I will -remove a little 
to-day, some more to-morrow, and more the day after, and thus in 
time I sliall have removed it nll.”^ It weg In this spirit timt Chief 
Justice Fuller toiled during the years that he pr^ided over this 
cjourt. Mudi of the work of all courts is of but transitory importance, 
save in so far as it keeps ever burning tlio sacred lamp of justice to 
ligivlcn the fool steps of men. But the lal>ors of this irlijunal arc 
essetuial tit the presen-ation of tho lilicrties of a free people. In the 
largest proportion of caustjs submitte^l to its judgment every decision 
becomes a page of hbtoty'^ and may liecome a part of a rampart 
against anarchy* To this court men ltx>k for the maintenance of 
tliosE? rights whidi our forefirtJicrs wning fi'Om a reluctant monarch 
at Rimnymedc SOO year^ ago, w'hich are no^v emlKKlied in the Con- 
afitiitlon of the United States!, iintl which are as cs^ntial to the pro¬ 
tection of the citizen ngainsi tho tyranny of a hydra-headed tyrant of 
the future as they were ngaiufjt the monarchy of the past. 

^^The labors of the eighth Chief Justice are over, ami his work in 
this court is submitted to llm judgment of men. .-Vs he said of Jils- 
tire Brewer, * he died suddenly, but not the unprepared death from 
which we pray to be delivered*- and haviug hiiished his course in 
faith he doth now rest from hb labors.” 
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Cliipf JiLsdce iJi ruspuiiijiiig Lo tlie words of the Attcirtiey 

CicQenil. sifcid ; 

^Jfr. Altortiej General: The re^MJliitians winch you pre^sent are 
curiMtlmg^ since they pJiow^ how poignantly our brethivn of tlie bar 
fdiare w^itU us the sorrow uniHod by iho death of our idiorifilied mid 
renenit^d Chief Juiilice- ^^^leu the sliEiilow which the twreuvenicnt 
Tesiiltin#^ from hk casts upon the path of duty which lies liefore 
us is considered, the ^eso]ntions^ are additionally since they 

stjiingthen our conviction that, whatever luay bo our biljrmiticss wo 
may ahvuy.s rely upon the generous judgment of our brethren of tiie 
bar if only we bring to the dii^hargc of onr dnlies llie singleness of 
purpose which ever I'lianjcteriziHl the judicial labors of our late 
Chief J ustice. 

Tho^ic labors find an enduring mcjiiGrisd in the reported ded- 
siems of tlie court rendered during the long period of Uk servioe^ 
Their potencYi whether in enforcing and protecting individual right 
or in-perpetuating representative governmeni by iipliolding our con* 
atituiional institiitionSf hm jiassed beyond tlie infiueuco of praise or 
blajiie^ They haw Ijecome the bcritpgo of his countryineiij for 
whose good ho labored wuLli untiring devotion^ 

^Thc darkness of the valley of the shadow of death yet m ob- 
scurea vision as to render it impossible for me to attempt now to fix 
the result of the labors of the Chief Justice or to define with accuracy 
the ETO|^e of die blessings to his countrymen and to mankind which 
have arisen from his work. I tlierefore do not attempt to supplement 
the brief statement on that subject which you, Mr, Atlorney lleneral^ 
have so eliKpjently made. So, ako^ I shall forbear to comment upon 
the wide attaijiments of tlie Latt Chief Justice^ bis engaging literary 
fancy, his great familiarity with precedents, and grasp of 
fundamental principle^i. I leave these speeitil Httributes, as well as 
the wider couaiiicniLinns which would be reipiired to be taken bito 
view in order to s^'tninetrically analyze the judicial work of the late 
Chief Justice, not only liec-yuirf some other ocfcasioii woidd be more 
appropriate and some more tuasterfuj hand than mine be required 
to do justice to ilius^ subjects, but also becaii^ my purpose now is 
only briefly to nTer to mme of the more eiidcnring and admirable 
personal traits of the Chief Justice which were lumiifestcd to tlu>so 
nssotnated with him in judicial labor, and at the same time to mark 
the attributes from which those iraits were derived and suftainiKb 

** Briclly, Uiose quabtici^ were his untirijig altcntkm to hh jiididal 
duties a id the dedication which he made to the efficient and wise 
performance of those duties of every intellectual and moral power 
which he possessed ^ hk love of JiiKticc for jiisticek^iake; his kiridness^ 
hk gentleness, n.^sociated, liowcvcr, with n enurage which gavo him 
always the power fcarlKisly to do what he thotigliL was rights without 
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fear or favor. The soiirre whence thuiie Grulein ing uiid noble qiialiUea 
were deiived was not far to seek. It was fnilli in tlie poiiver of good 
over evil; faith in the capacity of his fellow men for ^If^govcrn- 
motil; faith in the wisdom of the futhei's of oiir instilnlions; failli, 
iin&liHken faitli, in the eflicieiicy of the systcat of constitutional gov- 
emment which they csiuhlislied" and its adetjuacy to protect the rights 
and liberties of the- people, Aiiii, al)ove bU, there was an abounding 
fuitli ill Divine I’rovidenee, the faitii of a Cliristaiii. which ilomi- 
nnted his l>cing and w cl tied 811 his faeultiejf into a harmonious whole, 
cuiisiiig his nature to be resonant with the inelotly of hope and charllyj 
which made him whnt ho was—a simple, kliidly, geiicrosis, true, bmve, 
and devoted public servant, treading with unswerving step llm path 
of duty, niilil the tender voice of the All-Wise and Merciful Fatlier 
ealU'd him from labor to rest, from soUcitude to pcaie, and to his 
exceeding and enduring newuril. 

“ Mr. Attorney ticnentl, the resolutions of cnir lirethren of the liar 
will ba niiide a part of the rectmls of Uie court. In making this order 
tliB thought comes unbidden to the mind that if there be in the fnlure, 
by cither the bench or the bar. n failure to discharge duty bis'ausc «f 
tile want of an honest etTort to do so, the lesolutinns will become the 
test of our moral insiifficieiicv and he a relentless iiislruiiieiit for oiir 
condemnatiou. But the shadow created by these misgivings is at 
ones dispelled by our conviction that although the Chief Justice has 
gone before, yet doth he abide with us by his precept and example, 
which 1 can not refrain from hoping will be a spiritual beacon lend¬ 
ing both bench and bar to a perfect dedication of all their powers to 
the complete discharge of their whole duty. Ah! In the luminosity 
afforded by that example and precept, and with the benign visinn 
given by that faith which is the proof of things unseen, may the 
hope not be indulged in that the result of such a consecration to duty 
will enable ub to behold a continued rigliteiHis administratinn of 
justice, n preservation of our constitutional government, the fructiS* 
cation of all the activities of our vast country for the benefit of the 
whole people, the abiding of tranquility and happiness in all thu 
homen of all onr laud, and the continued enjoyment by all our 
countrymen of individual liberty restrained from license and safe- 
guanlqd from oppression.’* 

Other touching tributes to Chief Justice Fuller might be cited. 
They all portray an earnest, cfEcient jurist, a man true to the wise 
principles that guide the daily life of an upriglit .American citizen 
who holds the csalted position of Cliief Jtistice of the United iitates. 
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* ORNAMENTATION OF RUGS AND CARPETS.* 

IWlih fl ptatf*] 


IJj' jVujc s. Cbtn C, H. 


In preparing Ibk course of k'utunes, wliiclv tlio Koyal S«>ciety of 
Arts |)us kindly inrilcd me to give on tiLXtile ornament, 1 iiiid tUe 
range of subjects covered by tlie title muck wider than I c.\j)ectedA 
Of tcj^tiles alone iJii'ire arc several dUtiiicL sorts; |1) Shuttle 
W'cavings, with onniinent special U> brocudeSj velvets damasks, and 
lignred silk stutfs, to say nothing of kindred ornament in woolen, 
linen, and cotton fahrics; (2) tapestries, witli their decorative pic¬ 
tures of religious, mythcilogical, historical, and domestic subjects'; 
(3) carpets, with a number of simple and liighly complex patterns; 
t.4) euihroideiy, which is suitable to render alniost any sort of orna' 
mental and pictorial designs; (.’)) lace, with its textures and ornamoiit 
distinctly different from those of the foregoing; and (G) stamped, 
dj'ed, and printed textiles with a still further variety of pattern and 
design. 

The uriinment of Uicse diffenmt classctf of textiles is but a clmp* 
ter—on imporlant one, certainly, but still only one chapter—^in tlie 
story of all ornament, ntid as textile ornament during, say, 5;Q0Q 
years bas derived almn^ as many of its phnsua fixi-m oruaiucnl in 
other inatoriala as it in Inrn has contributed to them, I find H nccos- 
sary to take tbeso bttcr also into some account. In order, then, to 
keep wiUtin the ap{)ointGd limits, the choice of uno or two central 
r>r rallying points becomes desirable, and in view of my previous 
Cantor lectures upon hioe, tapesrtry, ami embroideiy',I have fixed upon 
ornament in carpets and in stamped, dyed, and printed textiles for 
my present couise. This ornamentation has successive tityles. Style 
is a convenient wonl to apply to the results of reviewing ornament 
designed by historic peoples, of determining rarioiis peculiarities or 
>alient fealun's in it, then of grouping them together and naming each 
group after some nation, locality, or period. In this way rough ami 

1 R<p|»rlab>d, liy perintMloii, fmoi JirtamtJ of «i* Soeli'tr gf Aril. rjiHdah. No, a«0(t 

toL B8+ juljf in* lUlfl. 

* 1 (dhellrrTed liQ., ITh lOlOi of pcrltfl -of threi* It^elmyn uJi tcSlITf ymiHE-Eii- 

tatlnii, [,Mti]fr« !! ojitt 3 ttra 4 d ndjiid, HJi-it 
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ready clnsiKidcniivNii can be- iiiude iiiiil !i|>ok(!a cif as Kg}'ptiun. CiiiiiGSC) 
irej^pulaniiun, (int'k, and other styl&c, Undcrlyiiig all styles 
. 11 '!; certain cniumun fnctor;; of design. For instance, the arrangement 
nf their piirticulur ornamrntal details or devices is subject chiefly to 
balance, ro ntpctiliun, and lo symniuiry, Agnln, ormiiiirntal iktniis 
or devices in !iU historic natiuiial styles are either rcpre.ictilatire of 
actual things, Kiich as |ilatits, Liiniau and aiihiiul beings, etc., or are 
merely abstract shapes presenting no likeness to any of these things; 
although some apparently nli-straef forms arc symbols to convey some 
idea ju.s-t its others are found to litive diwoended, through many 
ciiaiiges or distortions of drawing, fmni an original which repii*- 
seated un actual thing. Tht«e oliangos or dLslortions occur to a 
marked I'.’itcnl in tlie omatnent of people whose ethnography is luoro 
readily studied than their hktory, Take, for instann!, Papuans, who 
produce plentiful omiimeiit Unit is of the distorted eJiiimeter. They 
seem to have no regulated methods of design; at least, none so evident 
IIP I hose of historic tuitions like the Chinese, the Kgj’ptians, the 
dwellem in Aiesoixdiiniift, .and the Cirwks, nil of whom hod ctilture, 
organization, mannfactnrvs, and commerce in a high degree. These 
great natioiLs jmssessed neither aeroplanes nor telephone,^!, but they 
appear to have paid bettor regard than many of ns do nowadays to 
the suitable orniiiucntation of ordinary and ceremonial otijcetsof u.se, 
mcluding costumes and floor and furniture coverings. 

Leaving this digression, I come now to carpeLs and their onuimen- 
iHtion. T use the word carjiet in tlie scn.se of iin ornamental lestilo 
to be wHcd under ftwrrt. liriiaiUy s[ieiiking, there are two sorts of car¬ 
pet—one with a flat tctttnre and the otlier with n deflnitely riisctl 
texture. It appears that in Egypt, Mesfhpotamiii, Persia, and (Jrecec 
flat-tcxtnrcd materials were maniifacturcfl long before those with 
raisiHl texture. Oi-nnment in the ancient flat-surface stuffs was pro- 
diieed by inweaving, needlework, painlmg, and stamping. In pre¬ 
vious lectures 1 half toiieficd ujwn the antinititv of methods of in¬ 
weaving and embroidery ns practiced by famous historic nations 
hundreds ami, in some ea.ses, tliotisjinds of years twfore the Christian 
era. riie inweaving eorTcsponded p recisely with la pest r v wca vi ng 
hy hand of the pivsent day, Its tesliire was therefore the same as 
thnl of a huge finlxdins tafiestry and of a Kurdish mg, 

Mere is ati ordinary specimen of such n nig. which 51 lust rates the 
flnt texture we are considering. The style of its ornament has prob¬ 
ably endured for sumo centuries. Tiio solieme or plan nf its disdgu 
is a field of sin a II repealed devices incloK'tl within a Ijordcr. This 
tit'hemo or plan in t-onnectinEi wiili rug?i and enrpeU is ntv old one; 
older indeed ihiiti tno«t of the devirea in the field which are weavers’ 
renderings of sprays of blossom and Imves; the ornament of the 
border is effectiro by rea-wu of the repetition of its details. These 


OBSAMF-ITTAnON' OP CARPETS—COUE. 


127 


aTi& 


nimosi iiiviiitdligible, lliongb iUe originul of tltom probobly was 
a ilnigun's h^rnd; the draguti was itivonUd by the Cliinoso almost iis 
early as the Spliinx was iiivetited by llie Kgypttatw, and oppurcntly 
some centuries before Pert^'uw encoiititeixd iiny similar crcalure, 

Tlio nexi slide shows a simple but adeqiiale frniue of the sort 
whid) has bc'cn in us® fntm old times by wandering families or 
groups of carpel mateni in Tnrkeslsnt farther east^ and ^nlb. 
In such ft frame flat or riiiscd surface rugs could be made. These 
wandering weavers have inherited, as it were, the designs they work 
in their rugs? niid, unless they come into the service of some merchant 
i>r patron who funiislie.'i them with other designs, tliey continue to 
produce with scarcely any intended, Init with a good deal of ftcci- 
dental, variation of their own tniditlomit piittcnj? and designs. And 
this condition has lusted nnmugf^t such peoples for ninny centnriea. 

This slide is from the carving of a door covering which was prob¬ 
ably of tapestry weaving, ns indeed w-ns the greater niimlwr of orna¬ 
mented textiles made by Egj'ptians, .Assyrians, Petsians, and Greeks 
before the Christian eni. This canHng was diwovered in tin* mins 
of Konyiinjik and is of Asn rian workmaitsiup, eighth century B. C, 
The plan of its design, as fully displayed in the whole of the flw>r 
covei'ing, originally correspondet! with that of fiio Kurdish rug, hav¬ 
ing its field of piitlem inclosed within a border. In this case the 
ornamcntnl features of the border nro well shaped, and are liascti 
upon plant forms. Tlie outer onis nre alternately buds and ex- 
patiiled flowers, those in the next series are foil dauiy blossoms, and 
then come n^peated palm or radiating palmrtte forms. The pattern 
of the field is formed with intersecting circles, and is a truly abstract 
pntteni, being unrepresentative of any actual things and not 
bolical in nny way, Tlie texture of such a carj»et was, m I have 
said, probably that of tapestry weaving and not of raised or cut pile, 
fiideerl, the manufacture of this latter nnd more complicated material 
does not seem to have been knoivn by the old Egyptian, Assyrian, 
Persian, and Greek wcnvei's. The neai'est iippronch to raised surface 
textiles mado by iliem were linen cloths faced with loose loops, 
'fliese give ii shaggj'-faced motcrijil resembling modem bath towels. 
Several pieec.s of it liuve been found in disused Fg>'piiftn cemeteries, 
dating probably from the flr.-it. century B. C. or D„ and it is con¬ 
sidered by various anthoHiies that they are identical with a fabric 
called by Aristophanes ^^Peri-is, * iiinl reputed as a maniifnctnre of 
harharlansi. The Greeks, however, also manufttctured similar tex¬ 
tures. and called tliem “ kiiitnakes’' and phlocata," Pliny, ^itiijg 
500 years later, mentions cori'Cfiponding stuff aa “ amphiTnalla ” when 
the shagginess was on both of its sides, iind '* gnusapa *’ when wox’eii 
on one side only. This shaggy matcriiii was apparently ns common 
in use as tapcstri' weavings, but it dots not seem to have lent itself 
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jVl'iJ to ornuriieEtjil oxpccssion. Ami this I gnlher fnjm of 

it nijulo pvobnblv bv Copts, who docorutrd it with olofK? loop?! of wool, 

Uere b rin exv<►ptifnlJ^n.v sood <*,'ra« 4 )lo of & shugsg;}'-fared floor or 
WMicb covHr iiTtUed hi tills iiiunnor 'fbc style of tlic design nmy 1 h‘ 
cnllt^ Kgj’ljto-RomaiL Tbo cfttiler is surrounded by n burdering of 
mtitugular foriier tiha|>es linked together witb iiitervcnin!!^ star 
fonihs. It is intere-Hiiig to note the mteilwlted device within the 
leftdiiind star—n device wliieh I think is of Chinese origin. We 
fijid it ill Tiirke^^an and Askfie ruga, ns well, of t»tirse, h;; Uie 
swiLstikn or crooltcfl creevs—another constantly oreurriiig emblem in 
Chitiosc omnnienl. 

Of more clklinctly Roman cJinraetor is the design in this nest cs- 
mjiple of kwped worstt^l iveaving vr eiabroifier>- prwliiced ixitssiblv 
by Copts in llie second or iliird century. Here we have but a corner 
of a floor covering of the jairicHl. enougln howetTr, to indlcfitc tliat tlie 
w-holc of the field was coven*.) with groups, like the single one her.*, 
of cuj>td.s in ii l»oiil, l*he border was narrow niul of overlapping 
leaves, and n tiiedallion, .r««itaiu{ng a face, in each corner of the whole 
rug. 


.^ildi a lestilp may represent the Sardian pile carjwts’^ mentioned 
by the Kgj’rto.Roiiiim writer. Athena-us, .if Xankmtts, a piaco now 
jdontiM with Tdl-el-Hareet. near tho Hosetta branch of the \ib 
Sir (ieorp Bird wood, in bis treatise on the Anltquity of (Mental 
Cliirpets.-’ gives several interesting quotations fnnn the Banquets of 
[Jio lA'arned, ’ by Atheiuvns. to jirove ihe coiisirlernhk use in the third 
century A. D. of floor t*overiug>-lnit judged by the light of fubrlca 
iliscovcred in the disuse. 1 Egj'ptlan cemeteries, alreailv referiTd to 
none Keeiiis to indicate in a convincing way that cnl-pile eciriieLs or 
any cariiets of distinctly Eastern design were nmongiit. the usual 
haui.elif»;*] goofJs of either Greeks or Romans. We have, 1 think to 

look elsewhere for tho esirliest of such thing., * 

Cut-pile fabrics were. T think, first produced bv the aune^c Eor 
mom than 2.000 yeara before BiiddJiiFm reached iliem. thev had pre- 
servtHl to lheinsc.>lve*i „ monopoly in the cultivation, spinning, and 
enip oynwnt of sdk. It k the most dcUeate of all fillers or filainents 
for bustde piirp<vtes. In the po^ipn of this monopolv, and of a 
prolonged skill lu the omnmeTital art.s the Chinese seem ‘to have tle- 
vclopwl every sort of known process of ornamental and complic ated 
weaving--st>, at least, one rnnsf infer from their tradition.s and rec¬ 
ords. The evil of .seduaiun which hud hidden these things from the 
rest of the world was gradually lifted by the trade started by \siatie 
peoples living mitside the fireat Wall, wlio were the means of com 
inuiiicating to tho nortliem dislri<*ts of the old Persian Empire two 
. enfunes or B. G. ^me knowledge of Chinese manufacturer^ ami 
ornameiitiLl de#ugn, Tim trade in ite courae affected .Vsiatto crafts- 
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men and weavers r and they isecm. to have been the pioneers, as it were, 
in imitating fabrics similar in texture tn that of Chinese velvets and 
the like. These Asiatics had boundlefis jsupplies of wool, camd and 
J 5 i>at hair, long Iwifora they learned how to rear silkworms and cul¬ 
tivate them* Rulers of districts along the Chinese trade route recog¬ 
nised the value of this Asiatic enterprise in industry at places like 
the ancient Karakoram, Khoian. Saznait!iind^ Bokhara, Herat, and 
thus cut-pile manufactures passed on to India and Persia, whoise 
dominion had extended from Turkestan to Asia Minor and Syria, 
and included, of coun^e, (he territori^ previously governed by Baby- 
lutiiaos and j^isyriana; but there these goods were retained—the 
Persians Iseing very Jealous of them and preventing textile manu¬ 
factures frfmi China from passing westward over to the Romans* 

The onianienL in the Asiatic and Parthian rugs and carpets, such 
as iliey then were, consisted pmhabiy of geometric ami abstract forms 
interspersed with adaputmua of Chinese emblem-s* But about the 
fifth or sixth cciiturj'' A. D., or even a little earlier, they wxre com¬ 
bined by the Persians with dovdees of their own Snssanian, Roman, 
Persian* and older Assyrian styles. When, therefore, the Emperor 
Heraclius took possession of tlie n>yal castle of Dastagerd in G27 
A. D,, he found, among other treasures there, carpets* and most of 
them no doubt were tif geometric and alxstract ornament, and a less 
mimW of realistii; arnament. But this omamontat ion can have 
home few, if any, direct Iracej* of either old Egiptimi or Grecian 
styles of ornament, ii had a style of its own, and was alive in 
Persia up to the time wlien Jraliomet and his conquerihg Arabs 
overran that countrj% Egypt, and elsewhere- It served os a base 
from which gradually the Haracenic or ^lohaininedan styles arose^ 

Now, for a far longer time than the life of the 8ty1e we arc consid¬ 
ering, ilic Chinese style had been gradually indueneing ornamentists 
wuih sotue, at least, of its variety ami ingenuity of design that must 
have provetl btlniulating to nil who came acrc»ss it. In both abstract 
and realistic omamentu! forms the Chinese style has always been 
exceedingly rich, as may l)e gathered frotii ornament on ancient 
Chinese hronaes. These have, of course, outlived contenipotary 
weavings ond embroideries, wduch would have been decorated with 
as much, if not greater, variety of ornament. To put befoM you a 
suggestion only of what 1 mean by the variety and ingenuily of old 
Chinese ornament such as has laslcd with litlle intriuj^ic modlBcation 
for 4,000 years, I have had a slide made from two Cliinese bronsic 
vases. 

The on the left (pi. L, fig. 1) is a wune vase made in 780 or 
7€i) B. C-, and is symmetrically decorated with highly conventional¬ 
ized dragon and bird forms adapted to fit into given spaces. These 

fiM lam—^ 
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fm-ms varj' in si™ witL that their spaces, and are distributed 
-(rithm them irilh the, skill of sound and well-established ornamental 
design. A slight obliterntioTi has taken place in conree of time and 
interferes a little with the definition of them, hut there Ls nothing of 
haphazard or barbaric art ttbout iheiu. The strange forms given to 
tlie binls and dragons on the wine vase were meant as ornament; 
more graceful realistic forms were designed and modeled at this 
periofl, HO that the strangeness is by no means due to want of nhiUty 
to do better, and does, no! there fora imply l>arharic or prim i live 
performance. The other vss« (pL 1, fig. tJ), with elephants’ heads 
and rings, is of another phase of treatment, but one just as old as 
that of the convent!oiial ornament on the wine vase. The ornament 
in this second vase is freer and more dninty, and some of the details 
arc much more naturalistic.. In the upper broad band about the 
neck are graceful, slim dragons upon a background fretted with the 
kev pattern. About tlie bowl of the vase the background is of small 
pintinuous stems with stpimls, upon which are large conventional 
forms, which, by the way, arc arranged rather like those of our own 
seventeenth century strap ornament. Authorities say that this old 
Chinese conventional ornament is one of many which are intended to 
be emblematical of the dragon. Above it occur two Vandyke panels 
filled with a pointed device, which is aiigge-Htlve, at least, of a lotus 
blossom, a detail very frequent in Mohammedan ornament done by 
Persians tentiiries later. Around the base is a band of swirling and 
Wming waves. These two bronaes give ua at least some idea of 
umisual versatility in ornBmental design. But besides such examples 
as these of the great tcchnicfll skill and mature power of design 
pos^csKcd by the Chinese in the eighth century B. C. and much earlier, 
loo, there are still older traditions and records of what they were 
doing in the oiti a mental arts- Some 2000 B. C., for instance, some 
&00 years before Joseph introduced his brethren to Pliaroah, who 
wo*ild have been wearing a long flax tunic spotted with simple lotus 
buds inwoven with cnlored words, the Emperor Shun's silken robes 
had been woven and embroidered with the 12 rhang or ornaments. 
These consisted of (1) a solar disk upon a bank of clouds, b three- 
legged bird within the disk; (2) a lunar disk containing a hare with 
pestle and mortar pounding the elixir of life; (Jl) a constellation of 
three stars: (J) mountains; (5) five-clawed dragons; ((5) variegated 
pheasants; ("1 a pair of temple vases somewhat like one of those we 
have seen, but ornamented with h tiger and a monkey; (8) grass in 
sprays; (9) fiery scrolls: (10) grains of millet grouped in a medal¬ 
lion; (11) a warrior's ax, and (12) a symbol resembling two E’s 
back to back. 

It would take up too much time to go on reciting the number of 
other different representative and fanciful ornaments that enter into 
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designs of tlie very aneient C!iitieiie+ Their tsompiex rectangular 
oniamenis of abstract and mnbnHcal cbai'wcter^ o:i well as the conn ter- 
version of tliem rendered in ctirves and spirab are* I think, oven 
nioro reniarkable and intricaie than anything based on conrsponding 
elements in Egjplinn, Aj 2 ?Trian^ mid (.Grecian ornamonL In all like¬ 
lihood ornanietited with- all the familiar devices were then 

made in China, though none pn^bably is in existence now* Stiil, in 
view of the eonsservativo Imbitii of the Cliinese^ I think we can get 
from modem exoniplrs some fair idea of the appearance of omanient 
in old Chinese out-pile carpets, such as are likely to have been used 
in iionJi Chino, ifnnchnria, and Mongolia—os well os of modi tied 
oruauient mode by Asiatics along or in touch with the tra4ic route 
across the Western Chinr^ Empire. 

Plate 1, fig. 3 i-H from some rough sketches 1 have made of details 
in cut-pile Chinese and other Asiatic rugs. The two first are a 
central ornament or disk shape* and a border of key pattern devised 
upon the swastika emblem (the crooked end cross)- The same orna¬ 
ment h to loj seen on Chinese bronzes of 10(X> 11 C., os well as in old 
Chinese enamels, 'ivhcno it sometimes is terminated with a ilragon^a 
Isead: variants made with curved instead of rectangular winding 
forms are similarly temunated. +Swastika anci dragiPti ortiainent is, 
T thinks a. possible parent of Mohammedan arabes<|uea, which we shall 
come (o later on. Below the Chinese detail are others Ibal I took 
from rugs made by weavers in Turkestan, Bokhara, and Caucasia^ 
some ill tapestry, some in close short stilch eiiibroidery, and some in 
cut-pile materiab The first of them is not peculiarly characteristic; 
th© one belmv it with indpienl key devices to have ft Chines© 
flavor j near it are varioUA crtxss foriits, &yn\e of which are Chinese 
swastikas; others with scrolled limbs, as in the octagon, arc perhaps 
of Tibetan descent. Below an S sha]>e is the knot or interlocked de¬ 
vice which w'c found in the Coptic Egvpto-Romfln floor or touch 
cover, and it tnay be gymbolLeal of a recomEiondntion, said to buv© 
been made by Confuciin^, that Taouists would do belter if tliey gave 
up writing and took to makiug knots on strings. I am not quite 
clear if Confucius wa>P .saiirical and [xiking fun at his pupils. A 
large panel or seal-shaped ortiaiuent contains what may be imitatiDzis 
of the eight trlgrams of Chinese divination (Pa-Kua). The long 
narrow ornament, with two hexagons, may lye an adaptation of a 
form of band that was often woven into Syrian and Egi-^pto-Roman 
linen tunics about the ^ixfh or seventh century A. D.^ and the last 
panel of later date is of semiabstnict shapes and of conventional lotua 
buds. 

Tile upper ornaments in the next slide (pL 2^ fig* 1) are from Chi¬ 
nese cut-pib rugs, and are both realistic and sirmbolical. The ctrcii- 
Ur forms may reflect veneration for the disk - one to the left cont^ias 
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nn embletu of lytigevitj’, which is surrountled by bnU typifying '‘Be- 
licltvfthe oHwr consists of four bin is—bonk converging to benkf 
below this is port of ft border that eontalns dragon forms like tlie one 
given here. Such omamctits existed in China long before otlier 
people knew them or tried to imitate them in any sncli way as that 
indicated by the sketches below them, wliich are of detaib in cut-pile 
and other mgs from Turkestan, Pereia, and Kurdish districts, None 
of the nigs is of great age, still the omnment on tUeni represents many 
conventions in rendering dragons, birds, flowers, human and animal 
forms, the archetypes of which were more realistic in appearance and 
better drawn. The part of a rug border to the left, in the lower set 
of details, has a congloriiemtion of dragon and bird forms; the bird 
immediately below ia from another part of the same border; next to 
it is a bit of a carnation border—a rude veraion, probably of a Per- 
giaii fourteenth century border; next to it is a device—perhaps a 
double-headed eagle, although its counterpart in other rugs lookx 
more like a conventional fruit or flower. The childLsbly drawn man 
and horse, with many other similar creatures, frequently occur in 
Hat aud raised surface Caucasian and Kurdish nigs; and so does the 
curious device to the rigid, which, with several others, was. sent me by 
a friend. Tlie lialf hexagon panel with a dragfui derivative is from 
a Persian cut-pile nig which has its weaver’s name on it in Persian 
characters. 

It seems to me to be within the bounds of reasonable supposition 
that some of these Asiatic mg ornaments are as old as the first aud 
second century A. D,, though they may have been scarecly known 
beyond Syria and Asia Minor. Tlie same style of rug ornaments 
lias continued to the present day, and I suggest that the next few 
.slides may be representative of varieiies of rug designs which have 
been used during tlie last 2,000 years perhaps. 

The first (pi, 2, iig. 2) is from two cut-pile rugs of Chinese design 
iiiid manufacture—stout white, blue, and gray-block wools have 
been used. The jdan of design is a field with central circular device 
or disk and comer devices within the Incloaiug Iwrder. Such circular 
panel or disk (solar or lunar) placed at the center of the field appears 
to bo a particular feature in Chinese rug desigu. 

The next slide is from two mgs, one made in -Vasam and the other 
at Patna. Both designs show Chinese influence. The Assam rug 
(pL 3, fig. 1) is covered with a swasiika key pattern. The scheme 
of the Patna rug (pi. 3, fig. 2) is Chinese with its central disk and 
comer pieces, but the ornament within them as well as in the border 
is As^rian in a style more than 2,AiOO years old. 

The next slide gives u design of fuller ornament. The disk or edr- 
cular device at the center is surromidcd with repeated Cdiinese em¬ 
blems; the comers have Chinese key pattern r the bold forms in the 
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out«r boi'der sliow near afHnity to otuanieTii un oJil Cluiie;^ broiysas; 
tbfc sniallfr details ia Uie field are derived for the most part from 
plant form. This cut-pile nig was probably made in the neighbor¬ 
hood of Yarkand. 

Two nigs are shown on tlie nest slide. That, on the left (pi. 3, 
fig. 3) h of cut pih liTid luis three disks, e^ch. of which is sqrroutided 
bfy curved and spinil votsions of the swustikii. The Iwarder lias 
variety of ciXT^iiIiir blo££Dais or emblems. This rug comes from 
Yiirkaiid. The sct^ond one {pi. tig, 4) has three cKlagonal paiids 
instead of disks occupying the larger part of the field, which is cW- 
wUero iilleil in as the border Ls wilh various itiore or less abstract 
details like ilioso wc have already discussed. .Vinongsi them are a 
few Chinese symbols of simple type. The rng is of rlosely-stitche<l 
needlework, and is considered to lie a Sotimak nig^ which is, 1 believe^ 
a corruption of Settuika, a town in Caucasia. The work eormponds 
with ihai of some of the saddlebacks from this district 

Of le^ luteiTit m the histoty of carpet design is that of the familiar 
red and gi-eeii modern Turkey carpets. In these comfort able cut-pile 
door oo^^eriiigs, the unintelligible forms are, I thinks rcjiiotely related 
to thetie of the Asiatic mgs mingled with others distantly derived 
from patterns that were being designed before or about the time when 
Marco Polo traveled in Asia Minor and noird the fine carpets made 
there. These were doubtless of a type of Mohainiiieilan style, the 
gradual development of whidi in Egypt on the one band^ and the 
Jklesopotaminn districts of Per^iia on Uie other hand, commencetl scw>n 
after the eighth centiiryi About iheii and for some time later on^ 
Aaintic rugs such as ^ve hnve seen were used at the courts of the 
Kiialifs uiul SrollsmiticcJan governors in Egi'pt, Syria, Sicily, mid 
Si>aiiu whcTicc germs only, of the later taste for rugH and carpets, 
spor^dy diffused in Europ, 

I have already said that at a |>criod shortly preceding the Moham- 
nwHian conqucfrt, the ornamentation in Syria and western parts of 
Pem,i, and to extent in Egypt* was largely of a degenerate 

Roman chameter w'ith occasional tmees of ancient Assyrian feeling. 
It had but. little Chinese flavor, and to give you a bare impression of 
its character I have a few slides made from Coptic and Perso-Roman 
specimensL 

The first is froti^ a Coptic tapestry weaving, with an Egypto-Roman 
style of ornament of the fifth or sixth ccntuiy A. D. picked oat in 
needlework. It may have served os a couch or stool cover. The 
greater part of its ornametit eonsbU of ingenious variaLions of the 
Roman Ciijillache. llie intertwisilnga fall into repeated circles, 
wdthin which are bloi^ms, utid frcjin such may have descended ihe 
fully developed plan of pattern seen In silk weavings of the perio*!, 
in which the repeated circles were much larger and more widely aep- 
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united, iifttl indosed fanciful jOftitfons, lions, hunters on horseback, 
parrots, etc. Such patterns prtTaikd sn Sassanion and Byzantine 

silks. . „ . , , 

The nest slide is from a linen fragment of Coptic or Syrian tapestry 
Tveaving. Here ’ffe have ti mtber rude rendering of an old jVssgrrinn 
ilerice, ii tiger or lion springing on the back of un ibex or gnsdle. 
Imprfivetl representations of it occur in Mohanwnvdan ornament, and 
in Persian carpets of later date. 

The next slide is from a golden liottle of the sixth or seventh 
century. Its main ornament, Penso-Koman in style, consists of large 
jvundds, connected together, and inclosing such groups as tho^ one 
TKo KM of a grifToii pouncing on a gazelle, which ngnin is a reminis- 
ccnoe of the Assyrian device. 

How handicraftsmen and desipera working in tliifl style blended 
it with Chinese ornament and Chinese ffding, which was so prevalent 
in Asia during the Tang Dynasty (seventh to tenth century), tmd 
invented much of what has become Mohninmedan ornament, is the 
next suggestion I have to make with a view to offering some explana- 
tion of the ornamental designs in famous Persian carpets which are 
generally regarded as preeminent amongst ail carpets. Tiie Moham- 
meilan Conquest dates from the beginning of the seventh century. 
One of tile reputedly oldest. Moiiammedan buihlings. iuiving oma- 
ment on it, is the ninth century mosque of Tulun, in Cairo. It was 
doubtless the work of Copts, and I tliink that Copiic-Sawianian el^ 
ments as well as others closely rei^mbling in effect mollified tradi’ 
tional Chinese patterns—those usually about an ogre’s mask^inderlie 
a good deal of tlio internal oriiaiiientation of tlie mnsijue, ^le inven¬ 
tion of the intvitiate Mohammedan geometric tracery, and interlncing 
ornament, including the curved arabestpjes that terminate in conven¬ 
tional folistions, seems to throw back to influences of Chinese designs 
having the some charaoter of line and general scheme. The ilow 
of Chinese itilluence must Imve become strottger than ever, wlien 
Arabs, in the ninth century A. D., were not only pushing trade witSv 
tlio Cliinisie by both ovcrlnud and oversell mutes, but also had busi¬ 
ness settlements at Canton nnd otlier stuport towns in China, .ibrab 
rule at this ijcriod was meet extensive. Their khulifs and go^Tniors 
in all parts—Asia, Egypt, Spsin, etc. — possessed themselves of all 
the material luxuries that resources and native industry could supply. 
Their lu.xuriou 5 in diligence is the topic of many of tlieir records; 
and from a single instance such as that of Ahmed Tulun’s son, who 
bud in hts palate at Cairo a lake of quicksilver, upon the surface of 
which “ley a feather bed inflated ^¥ith air fa-stcried by silver hands 
to four silver supports,” one can imagine how superbly they had 
tlie lifst of things; and, a.'s history tells us, were rightly looked upon— 
not only in Europe but in China and amongst the Hindus and Tar- 
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tars—as the richest princes in lire workl. Theiir relip^us tenets 
fonned the basis of that oniformily of taste with wh^ich 
the art craftsmen who served them to ^mp y,and the c^rl^of tb^ 
artitirers and omamentists appear to have been Copts in pt> and 
Peraifttis in Mesopotamia. The Arabs themselves were tt ? ^ 

the Brst periods of Mohammotlanism, artistic craftsi^n, although 
;h:v Ite^^^uilders. .Vs mgarda the ontpiit of carpets about thisUme 
we have, I think, to look to the weavers inJsyria, Armenia, 
tomia Persia. Bokhara, and Turkestan, whoso ornament was chieih 
of a iomelrlc style, with Knfic inscriptions. About the be^anning 

of the thirteenth'century tlie Mogul ruler. from 

leader of man,” deported thoufiands of tiien of arts crafts from 
heir homes at Samarkand to work in distant part of his malm for 
IIL princes and mddes. ”ThW’ the hi^onai, writes, 
ginning of tlie ilogul aj-siem of rccmiting by force, of 
die service of artisins. of confiscatiag induslriM for Uie 
the nation.” Ik^sidea his militaiy 

works he cave new impulse to the trade with China, boon aftei, 
Us g.4st n«,.h«, M..wa, K«h„, «n<l 

fort in his capital at Karakorum (long swe gone ^ 

vust Turkestan— where in front of his ihrone was pkcetl a sUvAt 
iZ Ling St H, W four liuus f-om -hu* muu te 1 s^u ^ 
iuto four silver besios, wiue, kumU, hyJrooel. si.d tr^u e. M ^ 
of the tree e silver eugel sou.Kled . tnoupet ulien the luiuoiv 
ran ehort-unother iusleuee of MoheiumeJan lusuiy tvlutti a l»rd 
rb^et 0 . 0 ^ 00 .. Helep. Keb.., elso « gu»t nepheu <>« 

Kehu, uurfertook big espetHlions, .ud emongst ot W ^ 

Begdud, u hieh still reteiued filio ti.d.t«>n. of Her^ ^ 
nourishing times. Accompenyiog I Wsf. *ere hundreds of tbiu^ 
.rtifioers, mho ere «»ietiu« spoken of os 

all that I think it rooto probable tlial amon^ Tthut thev iniro- 
profieient in bmnchcis of ocnatneiital industries, and - , . 

diiceU some fine Chinese oniament into the metal mounting of il^e 
spares, astrolabes, and globes which Ilalagu’s astronomer set up at 

time we get indicMiona of high achievements in b^clij 
of Mohammedan arl-notably so m the metal work, the 
of which are considered to have been made at Mosil, on the T 
aome 200 miles northwest of Bagdad, wh^ 
wancb Tlie ornament of this metal work 

upon that of rather later Persian carpets. (t 

patterns, scroUa, hunters, animals, msenptions, an 

is the exemplar of a Mohammedan style tm pa «itii so 

to phase l«tween the thirteenth and ^venteenth 

mi change that it U difficult to chm^ify them according to loealiiy 
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Or p^od- Soukt^ an; more re^trainod anil aim pier ihaii others^ ihougL 
all haw ill ft siuiia flir de faiuiUc. The simpler omament wjis m ac¬ 
cord aacft with tbts tenets of orthodox Slohamtnedatiis At an early 
date in the spread of their religion the Propbet-^H foliowera had 
divided themselves into two parlies. Persians belonging chiefly to 
the Shhite and more easygoing sect, while the Sunnite or orthodox 
suet comprised Egyptians, Copts, and Moors, as well as some of the 
peoples in Asia Minor and farther east, who in the making of their 
nigs and carpets inclined almost exclusively to seminlistnict and geo¬ 
metric ornament such as we have seen. The cxiHteiico of the two 
sects hel|@, no donU, to explain the maintenance in oriental carpets 
of the two divisiotiit of style in ^[oliammedan ornament. In Imth we 
And traces of Chinese influence 

And now let me put liefore you two slides made from examples of 
the metal ornament, niid point to Chinese details in therm 

The first O-tampIe i& from a casket rich in symmetrical ornament 
of delicate stems that intertwine and form panels, the mosl of which 
are filled wdth an inlerlocking angular pattern, the basis of w^hidi is 
a developed swastika device. The intertwisting stems may be de¬ 
scended from Coptic interlacements, but tJie swastika patterning is 
surely Chinese, The leafy scrollwork, with bird^j here and there^ 
throws back to Chinese and Penw^Roman origins. The two winged 
figures on the feet of the casket are Perso-Roman or Sassanian, 
though the ides of such fantastic creatures may have come into 
Mesopotamia from China or Egy pt centuries earlier. 

Tlie next slide is from a bowl and ewer, also of the thirteenth 
century, p<^ibly from the hands of art craftsmen farther east in 
Persia, Ispalian. The ornament on each of these objects Includes 
figures, and thiLs is more to the taste of nnodbodox Moliammedans. 
Sportsmen Inmting all sorts of sHrang^ croaturefi, mofilly winged, 
and these in turn attacking olhers. togctJier ivith griffans back to 
back, are to be seen in repeated four-lobed panels, betw'een which is a 
ground of Chinese bey pattern* Bands? of foliated araljesque scroll- 
wmrk run under the rliii, round the center, and at the bu-se of the bowL 
(PL 4, fig. L) 

Tlie ewer (pL 4, fig. 2) is decorated with kiadri^ orrmment though 
different in design, especially the shaping of the compartments on the 
lower part. Tliesc are formed by iniercroadTig bands of roi^e orna¬ 
ment, and resemble some of tlie enricliments iti the ninth century 
mo^ue of Tulun, hut their 6hat>e k also aldn to that of the pointed 
device which we saw in one of the Chines broa^e^ of much older 
style. The spout is a Chineiie dragon head, whilst tiiie head on tlie 
handle is that of a hound. But I will nut encroach on your attention 
to expatiate upon the delightful crossbreeding in ornament which 
ihes^ objects exhibit. 
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Tlie eonteJtiporary richly colored illiiminationEj of JloUaniniedttii 
MSS. and of Ijook covers reflect the titylo of the curved and dania- 
pceoeti metal work. And from both are direcUy descended the com- 
jK>eitiQn 5 of color and form which are woven in the more iiia,^ificent 
ent-pile carpets that were maiiufacUired in Persia from the fifteenth 
century onward. They practically superseded tlie carjHJts of simpler 
design during? the fourteenth cenfury and earlier. 

The first of my did^. to illustrate a few of these finer typ^ U 
front ft carpet possibly of fifteenth-century manufacture* Silver 
threads are inwoven witii the colored cut pile of fine wcioL The 
border of cartouches inscribed with Persian chn meters incloses the 
fieldj at the center of which is u circular device whkh^ a=i we have 
is a feature of Chinese and Mongolian mg designs- At eacli 
of die inner comers of the borders am segments of Persianeaque 
panels ^lapcd and treated so ns to suggest the shape of u convem 
tional lotus fiower, Within Uie central circular band is a foiir-lobed 
ornament^—each lob© contaitiiitg a peacock^ which is a favorite subject 
of Persian and Mogul Indian ornament. Over tUe main part of tbe 
field are many long and short wavy devices usufllly identified as 
Tatar doud devices and of frequent occurrence in Chinese ornament. 

The ne:xt slide (pL 5, fig. 1) exhibits a carpet with a Iwrder of 
cartouches having inscriptions of which im interpretationT as given 
in the great Vieuneae work on oriental carpets, mentions the Shaht 
for whom the carpet was made* and states that ‘■'wdthin the fair 
border of this field you see a floweiy l:iotl, refreshing and iDvdy as 
the paradise in £den* To Chinese art its beauty is an object of envy* 
(This is clearly an indirect though palpable acknowledgment of ihe 
saperiority of Chinese arL as known to the Persians-) And then fol¬ 
lows a good deal more about the garden, and turtledoves and nightin¬ 
gales. But on looking into the design itself^ at the center of the 
field see a group of four lions, nose to nose, surrounded by fine 
£!pinil stents and Tatar (domls. At the top and bottom of this group 
is a pomegranate inclosed by two serntted long narrow' leaves, charged 
with small ijprayfi of flowers precisely lik*^ those on so-called Ithodian 
plates^ and inside the poinegrrmato arc a pair of peacocks. Beyond 
is a symmetrical distribution of fnnciful llural ornamontf Hons, tigers, 
or cheetahs springing on antelopcfl^noLhing in fact to suggest tlie 
serenity of flow'ers and birds referred to in the inscription, which 
may hav© been by' chance the handiest* though not- the most apposite, 
for the weaver to use. 

The next slide {ph 5, fig* S) k from a carpet made in IMO for the 
mosque at Ardebil—a town in the unrthwest of Per^a and not far 
from Caucasia and the southwestern sliorc of the Sea. The 

wider part of the border ia designed witli ultenieting circular cusped 
panels and elongated panels, not inscribed but decorated with flowers 
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and Tatar clouds. Iti ths center of the field is n Ini^ ci»ped 
tnedsllion or mimdel, containing dainty ambceqne ornament; nroimd 
the medallion is n series of pointed oval-shape panels, each filled in 
with floral and arabesque or Tat or cloud devices of different design. 
From the central pointed oval panel hangs an elaborate mosque lamp 
II midst flowered blossoms growing on delicate stems arranged in 
spirals, straying ^mimctrically all over the chief port of ihe ^eld. 
Close to tlie lower border is a white rectangular panel with ihi; nanic 
of the maker of the carpet. At the cornct» within the border are 
s’Cgjiicnts as of the great central ornament. The nirrrow light hamls 
of the whole tH)rder are enriched with repeated Tatar cloud devices. 
Of its kind this is probably the most remarkable carpet, and was 
made nearly 50 years before the aocc.ssion of the great Shah Abbas 
to the throne of Pergia. During his reign the arts were mucli 
encouraged at his capital of Ispahan and at other important towns of 
eastern Persia. It is hunlly possible now to identify the manufacture 
of carpets of Perso-Moiianuncdan style with any particular town of 
central and eastern Persia. Several fine carpets w-ere made from IGO 
to 1258 in western Persia or Mesopotamia—at Bagdad for instance, 
for luxun’doi'iDg Abbasid Caliphs. The ornament of these, however, 
was chiefly geometric (as in pi. 3, fig. 4), if one may judge from 
Persian miniatures in the British Mitscnm, of which I find a number 
quoted by Mr. Martin in hia big work on “Oriental Ctiqsets.” 

This is part of a Persian carpet [>erh»ps, from Herat, with a Iwrder 
designed in a different stylo from what we have hitherto seen. The 
large anibesque curved forms bctw'een the pairs of varied pomte<] 
oval panels remind one of Chinese fonns sometimes used in that 
ancient ornamentation composefl with goggle-eyed ogre masks, which 
1 have mentioned already in connection with the mosque of Tulun. 
The field of this carxMJt contains the wavy Tatar cloud shapes and 
several animals, the design of which seems to be Chinese in char¬ 
acter—as. for instance, tlie l»t*iist on the left with curious almost 
dmgfm head and sr lashing tail; there is a smaller version of him 
within a pomegranate form below. Still lower down is a black 
panther, perhaps springing across a similar dappled beast. Above, 
on tlie right, is a dappled stag with antlers. Stags imd fawns are 
favorite animals in Chinese porcelain of the Ming dvnostv 
{1369-1844). 

Here is another variety of design in which Chinese influence seems 
to me to be very strong. The border is of delicate arabesque destgii; 
within the counter-changing and almost lotus-shape eumportmenta 
the group of the letupsrd or cheetah sebsing an antelope or goat b 
repeated. But on the field are many devices, the like of which our 
previous designs have not ^ven us; for example, the highly decorated 
vase or bottle toward the center witli a pair of Kylins at its foot, 
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the minute si^rratitma to the pomted oval and circular cusped shapes 
incJosinjT birds or &;Ke^ the cone shape, and the minute floral forms 
throughout^ all these seem to tell of a Chinese Mohammedaii 
designer. 

This carpet is less Etrong in Chinese influencCf but even so we do 
not lose ih As compared with what we have the design of the 
field is remarkable for cypresses, aimond trees iti blossom, rose trees, 
birda perched amongst tlieir l>riincheE, hares by their trunks, nt the 
center ducks apparently^ and at each comer a flying phoenix—the 
inrstical Chinese bird with elaborate tail. All these are bitJUght 
kilo ornamental elfect by symmetrical arningeinejit chiefly* The 
lK>rder, like that of Uic immcfliatdy previous carpet, is of counter- 
changing, semilotus-ahaped compartmentE^ within which is clelicatc 
cfmventinnal flower ornament. 

Here, again, iti part of a carpet nf somewhat similar design^ with 
trees and animals—the dragon is by the trunks of the cypresses, a 
flight of cranci? amidst Tatar eloud devices fills the cusped center 
panel. It is a pity that the upper part of this carpet, w'hich came 
from a synagogue in Genoa, has been so cut as to destroy practically 
a oorner pa neb in which there was the figure of a man apparently 
in Chinese drcaa, and by him some unusual nmament of Chinese 
style—quite dliferent from the arabcsqtie^ of the border. The flight 
of cranes ri^.^lls the dasti of subject for which the Chineiie painter, 
Hsieh Chi, of the seventh oetiturir\ was renowned. The carpet was 
probably designed and woven in north Persia about 1450. 

Witli the Persian carpet designs fresh in our eycsj I may now show 
fl slide from one of the several so-calle<l Polish carpets. Its design 
is of a purely Persianesque type, but somewhat angniari^ed and stiff¬ 
ened in apiwanuice. The materials are silk pile or velvet inter¬ 
mixed with gold and silver threads. The question of its Polish 
origin is one of many raise<i for di^^cuasion which does not leod any¬ 
one far on the road tow aid imdct^tandltig material and artistic 
cxcellencofti. ^V.k far ns I cun find out, there were certainly some 
Persian or Tiirkisli weavers in Poland in the eighteenth centiirj^ 
who made golden hnKOides for a short time. The sx>ecimen before 
us is apparently of earlier manufacture, and may perhaps be, Dr. 
Boile, of Berlinj has &ugge=-tcd| of Turkish manufacture—one of the 
rich Damascus carpets in which the Venetians traded in the sixteenth 
cimtury*, 

liather poor in character of design is this cut-pilo carpet, w^hich 
may be of ^loorish manufacture, to conform to the taste of some 
orthodox Mohammedan castomcr. The cruciform panel is poorly 
^fhftped when compared with Persian panels. The ground is coveretl 
with imicriptionB of the ninety-nine names of Allah. The in 
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tlie border are suggestive uf Ciilrene und Ibkjrjsji titled of iiidiUt^reut 
qiiRlitj, Tbe carpet came from a ait Aleppo. 

In the same cla^ss of debni^d amiiment^ derived from finer oHgi- 
tiftls, Tve may plaice this C 4 ir|>et. Host of the fonns are iindecipher¬ 
able, A cypress tree is fairly evident; below it to the left is o queer 
and sotnewhai entangled device^ wbicJi I think w« may call a dragon; 
still lower downs to the leftj is a pair of sJiai[)i?^5 whidi faintly resemble 
those of animiil^^ and to the riglii of them k lui equally faint re¬ 
semblance of a Icing-iieekeil bird—po^ibly a crane. The carj^et la 
called Persian of the sixteenth or seventeeiitli century. Another 
s|ieclmeii elsewhere is desenbed as being made before the fifteentti 
century. The scheme of the design is usually found in woven stuffs 
of the fifteenth century^ with details and devices of intelligible 
beauty* 1 think limit the Indications ore in tJie direction of estab¬ 
lishing such carpel Si as the ono before us as ambitions attetopts by 
careful weavers far removed fri>m pitiperly drafted designs and 
relying, therefore^ upon elusive memories for their oriiaitientation 
which does not call for mudi admiratiom 
The strenuous Itinerant instriinientiilist seated on the pavement, 
nnd diligently twanging the strings of his harp with some rhythmH, 
much discord, and uncErtuiu melody is surely n kind of coiifrirc of 
ihc^^ weavers of dktorted patterns. 

This slide is from two carpets of Indian manufacture at Malabar, 
the modest patterns of which—especially that on the right tiand— 
are dire<rtly borrowed from inlaid work of the fifteenth century, done 
by Mohamme<bTis ai BroiisssT in Asia Minor, and in Venice, etc, A 
similar stvde of pattern occurs on carpets made at Tanjore, 

A considcmble number of Persian carpets w'eiv Tnadc in the six- 
teetkth century from designs, of which the leading feature was a 
covering network or framing. Here this feature is carricti out m aa 
to produce a succession and series of iutcrchmigiiig psiurls, each of 
which is filled in with jdanf forms, Tartar clouds, urul^.sqiie 5 , or 
pa ire of birds* Schemes of net pattern, but in other variations may 
be tnicvd in Roman mosaics conleniporary with Coptic tapestry 
weavings as well as in BvKBntine shuttle weavings, thence ihey pas^ 
into medueval European textiles ajid embroideries, and Lirehitectural 
enrichments, before appearing in carpets, 

jVnotlier and simpler example of this scheme of design is shown in 
this next slide from an IndsEiu or Pereian carjiet of the sixteenth or 
aeventcenlh century. The border is much narrower; the net or frame¬ 
work is defined in delicate spiral stems, and at their junctbiis are 
variously shaped piinek the network itself does not form such recur¬ 
rent panels as in the previous specimen, but is independent of those 
here showiL 
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From these T piiss to specimens of Another iyp^ of design. That 
on Ole toft h i^rohfibly of Caura^-inn or Knrdish iveaviog, and in the 
style of fiteenth century' carjset deaign-s,, whilst that on the right is of 
Spani.sh or Moorish work. Its field is covered with a diaper pattern 
of small foliated cro$ses^ and toward the middle there are two eight- 
cusp circtilnr panels coiituming a shield of arms. The onter border 
has Kufic characters mixed with small animal, bird, and blossom 
clovicefs which are repeated in the sqonrt^s of the narrower inner 
hordeTi The Imrdcr pattern of tlie left-hand rug seems to be of orna¬ 
ment developed from KoGc writing* nnil such borders are seen m 
Persinn ndniatures dating OYeii from the end of the fourteenth cen¬ 
tury, and more often in Inter miniatures as well as in paintings by 
such artists as Hans Mending {142 “j—R aphael (1433—1520), 
and manv" inm*e at this time. Such caipcts, wilh others coming into 
general use by the well to do in Europe, sert^ed more often as table 
than ns fioor coverings, and it is claimed that fsome of them were 
made even in England. 

Here, for instance, is on© of these carpets* The design of the Iwr- 
dcr corresponds with that we have just disenssefi; at the sides and 
bottom of it are shields wdth the arms impaled on them of two 
English families, and on the lowest, part of the carpet are the w'ordji, 

Feare God and keep Hia commandments. Mndc in the year 1603 

At this time Eost India merchants cimscd carpets to Imj made to 
their order at Lahore and elsewhere, and tlitdr coats of arms and 
initials would hp introduced into the designs; A very fine sj^imen 
of such cjirpets belongs to ihe Girtilers’ Company, and has been iUua- 
trated in recent books about carpets. 

On the oniaTueuinl hdd© of cRrx>ets made in Europe from the ^ix* 
tcenth eentiny onward, thcr© is much to say. On the gradual dcvel- 
opinonfc of Eiiropeaii methods of cnriMjt tnanufacturc there is still 
more to say ; but hi these lectures T can give an extremely brief 
r^umc only of a few Incidcnlft that stand out. The oldest of them 
has to do with th^3^^e Frcticli ^'oi^u rat ions of whose thir¬ 

teenth century regular ions are well know n and have been niiich dia- 
ctissed wdth the object of determining which of the two bodies—the 

Tapisaiers Sannsinois** and the Tapii^iera NostreK^^ were con- 
remed w ith the manufacture of (lat-surface floor covering and that of 
raised pile* Tlieir wea\dugs were employed for seats and hanging on 
walls* or placing on tables, and ihm more often probably than as floor 
coverings—rushes or mats being then ordinarily strewn on floors* 
Illuminated JfSS. supply mdkaiiuiis of their paticrus, which were 
generally diapers and spotting^: patterns of fuller design were dis- 
plaj^ed upon impi^rtcd Orient a I carpels. With the early ixare of the 
sixteenth century the niamifacture of tniiestries in France li^ns to 
be orgutii^ed, under the patronage of the Govemment, hut it la not 
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until thfl sev^ntcKoth ct^ntun- that pile-eflr|>et mukiiig, under this pat- 
ronnge, is Tvell sturted at a disij^ied soap factory knovrn ns the Savon- 
nerio of Chaillot, on the outskirtis of Paris. ‘Here Tvert made the 
tapis sslmttis—pWe carpets as diid inct from the tapis rtiA, or Bat-sur- 
fatfi carpets that were being produced at several of the tapestry weav¬ 
ing centers ^the Gobelins, Beauvais, Tournal, etc. Tlie manufacture 
of the two sorta was not combined at tlie Gobclina works until early 
in the nineteenth century, Aubiisaoii carpets were first made early in 
tile eighteenth ^ntury from designs that rejected the Louis XV. 
style nnturaltstio Boral garlands, ribbon knots, all ah own with lights 
and shades, and entirely distinct in style from that of any Oriental 
rugs and carpets. 

In Spain some rugs are likely to have been made at many of the 
old Moorish towns, Malaga, Altneria, and GraTinda, perhaps as early 
as the middle of tho ninth century, when their ornamentation would 
have been probably of the geometrical and abstract character, inter¬ 
mixed with Inscriptions that appealed to Sunnite Mohammedans 
Toward tlie end of the fifteenth century Spain had much to do with 
Flanders, where tapestry weaving was flouri.diitig; it appears that 
at this time the making of Spanisli cari>ets as distinct from Moorish 
carpets began. Specimens of them hai-e come lately into collectors.' 
hands, some with cut pile, others with looped surface similar to tlioso 
Egypto-Roman stuffs that wo saw at the U'ginniug of this lecture, 
and others wrought In a sort of cross-stitch embroidery. 

Here are now two of tbo Spanisli rugs I have b mind, made prob¬ 
ably in the sixteenth or seventeenth century, one (ph 6, fig, i) with 
a Sttrface of loops has an ogival net or frame of vine stems with sym¬ 
metrical groups of leaves and grapes alternately placed in the ogival 
panels. The scheme of the design is Byisantine originally, and I>c- 
came finely developed in Italian velvets of the fifteenth century. The 
border of this carpet is of a continuous stem scrtill with offshoots of 
conventional plant shapes. The other carpet (pi. fi, fig. *2) q,/ 

pile of fair ([Uality, lt,9 field of three octagonal panels or wreaths 
mc]o.sing scroll ornament with a slight itsiemblance to Saracenic 
arabesque dispot^d on the plan of a cross, has a border of Italian- 
esqun scrolls, griffons, and ba.skets. In both carpets the corners of 
the borders are not well managed in design — u defect which is seen 
constantly in Oriental carpets other than Persian, and runs through 
ornamental textiles woven from iniailiicient drafts, the completion 
of which Is left to ciiaiice that the weaver can supply the deficiency 
of design. 

The weaving of pile and other carpets m European countries from 
designs by Europeans arose mote or less simultaneously in Spain, 
Italy, France, Flanders, and England, about tho middle of the six¬ 
teenth centu^. The English indtistry was stimulated a great d^ 
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through commerce witli the East Indies anil hy tlie employment of 
Flemings But, besides this* a few enterprising Englishmen 

ssejit trusteii workmen to Asfla Minor to kom the methods of making 
“Turkey carpets,^’ Nowadays, when museums expound technical 
and i.rtktic effort.^ progressi™ and otherwise, material facts are be* 
coming arajbbie in an almosL unexpected way to illustrate alln^ion^ 
and records* and thus give reality to much that has been speculative^ 

Uncpiestionnbly of English manufacture* or, more correctly, of 
manufacture in England^ is the pile carpet shown on the screen. 
Dctaik of its omamentation may throw back to Oriental sources^ but 
the coats of arms are distinestively British. In the center are t1ie 
royal arm^*^ with a date 1570 and E. R.—Elizabeth Rcginijiv On the 
left are the arms of the borough of Ipbwich and on the right the arms 
of a Suffolk family. Other equally interesting examples have lately 
become available for consiiiltationT ^ that no doubt we shall soon learn 
n good deni more of Englkh carpet ornament than we know at pres* 
ent. Carpet making nt Wilton and Asiiiinster dates from the end of 
the seventeenth century, and it 5 history from that time forward can 
be pretty dearly tnicod. Many Frenchmen were employed there and 
elsewhere in England during tlie righieenth ^^entury^ and introduced 
luudi of the French ta^e in carpet ornamentation. The Society of 
Arts, as early as 1T5S, gave prizes for Eng]i?h*made carpet^ “ in 
imitation of those brought from the East, and called Turkey car* 
pets; ” and the Transactions of tltc Society of 25 years later record 
how the manufacture of these was then established in different parts 
of the kingdom, and “ brought to a degree of elegance and beauty 
which the Turkey larpet never atlained/^ 

Tt is not difficult to make a pretty closo gue*^ of what large <kor- 
gian rarjiet designs were like. Some of them at least had a flavor 
of the French taste* and of that I have one interesting design, made 
al the beginning of the eighteenth centnrj^ by Robert de Cotte, for a 
pile airpct woven at the Savoniierie. It is rather like a ceiling 
decoration and apropos to a style that the machine-made patent 
Axminslcr and otlier carpets have been affecting during the lok few 
years, presumably to the content of some people* who do not care for 
the r(^trained treatment of ornamenUl forms and harmonious colors 
in Oriental carpets. 

As to Italian carpets I have not collected much informiktioii. Shut¬ 
tle weaving by peanuts in the Abnizzi continues to the present day 
and responsible for most of tlieir hright*colored woolen aprons wuth 
stri|>es that are broche or woven with floating threads- This same 
character of work has been done for some centuriesi In the fifteenth 
and sixteenth centuries Perugia was notable for white linen table¬ 
cloths and towels, broch^ with blue threads in a considcrablo variety 
of interesting patterns. Farther south Pcseocostanza appeani to have 
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bwMi notwl in thp **L 7 tte<Mith snii sevpntwntli centurieii for tiimilar 
sshuttlc*woven woolen rugs, of one of which 1 have a fiUde. 

The style of the brochfi oniament is virtually the some as that of 
the Perugio linens. In tho specimen now before iw we have a hehl 
broken by garlands into repented compartments, in which ate, r^t^* 
lively, fountains, lions, horses, or perliatM unicorns, lambs of Uotl 
bearing tlie cross and a flag, double-tailed mcrmflids with mirroni in 
their bands, and donble-beadcd eagles, of a seventwnth century ^pe, 
though almost all of thorn are emhlema with traditions Ijehmd them, 
that, in some cases, spring from Gnostic sources of more ilnin a thou¬ 
sand Toara earlier. Emblem at icnl ornament, however, is fat t^ big 
a subject to discuss now. The border of the carpet is a woven imita¬ 
tion of Italian lace points or Vandykes of the late sixteenth ccntniy. 

The last slide is from two pile mgs made at Merlon from (lesi^ 
bv the late William >lorrb. In IjoiU of them we Inice his regard for 
Oriental symmetrical arrangement and flatness in treating orna¬ 
mental devices. . , , , . . . * ur 

Til conclusion I must mention my indebtedness to important P^lj- 
cationa, ainongirt which are the late Dr Busliell s handbook on Chi¬ 
nese Art, Mr. Marlin’s admirable work on Oriental Carpets, and 
the great Viennese piibrH’alions also on Oriimtal Carpels. Tins 
latter work contains illustratioiui of a hundred carpets or nigs, each 
of which Dr- Aloia lieigl has described in detail with utisporing care. 

I do not. think that either of these two Inst-iianied authorities, or 
even Dr. Bode, of Berlin, and others, who havo a profoimder erudi¬ 
tion than T can pretend to. have paid enougli consitleratlon to the 
enlivening effect which Chinese omauicnial design mu!»L surely nave 
had for the lasft S/KXl years at least upon that of other imttons west 
of China, and especially in regartl to its share in tho invention of 
Mohammedan ornament. In offering a few hints upon that matter I 
hoiH! that T have not imifla too great a call upon your attention. 
Mohammedan ornament, whether to the Snnnile or Shi-itc taste, plays 
it very important part in cariwt ornamentation. Tlio more it can 
he investigated and nppmdatcd the less likely are w« to manufcctnre 
rerpets with quasi Oriental patterns that are at times really ludicrous 
in their simple-mindetl imitations of distol^d device^ 

It is extraordiniiry whai modern machinery can do in producing 
cnniets of anv .sort of design. Certainly the daintiest that T have seen 
rwsentiv were mmiufactiinHl at Glasgow ami are reproductions of 
some of the finest and most intricately patteroed Persmn rugs. 

Messrs. Maple and Mesars. Warings have kindly lent the specimens 
of English mnehine-made rugs, as weU as interesting portions of 
handmade carpets, not only from England, but from other European 
countries as well. 
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By Octave CbaIvctte,* * 

ffonnranf of Wtetrm JSfwfcfB if BtigHiwrt. 


[Remarkfi by Pmidoat AUeii iiUrodwting Mr, Chanute: It is a 
remiirkable coiticldenoe that just la years Bgo tliia evanin§r—October 
30, 1S07—Mr. Chanute guve hiit first paper before tins society on 
tlie snbjoct of aviation, the paper being entitled “ Gliding Experi¬ 
ments.” A few years later, in 1SX)1, and again in 1003, itr, Wilbur 
Wright appeared before the society, at Mr. Chanule^s invitation, and 
gave jin account of the experimcnia then being made by h Unself and 
his brother Orville. Tho opportunity comes to very few men, I 
think, to appear before the same body 12 years after their predictions 
had been made, and bo able to point to the fulfillment of those pro- 
dietions, as can bo done by Mr. Chanute to-night. 

It is our privilege to listen to him nmv, at a time when aviation 
has become a matter of great public interest, and when he can point 
to the folfillmcnt of his own prophecies, and the launching of the 
aeroplane as a practical machine on the ideas that he enunciated in 
our rooms 12 years ago. Mr. Chanute is well known to us all and 
needs no introduction from me. We are proud to number him among 
our members os, perhaps, the foremost living authority on aviation 
to-day in this country or in any other country.]! 

1 shall endeavor, with tho aid of some lantern stldee, to talk to you 
about what has lately been accomplished with dying machines. As 
your president has said, on the 20th of October, lSfl7, I bad the 
honor of prci^ting to you an account of some gliding experiments 
that were carried on at Dune Park, near this city. Those experiments 
were made solely to study the question of equilibrium and to deter¬ 
mine if it was reasonably safe to experiment. We had Uie good 
fortune to make almut 3,000 flights (Mr, A. M. Herring, ilr. W. 

> a*rri:[itE4 bT penqifitim fnim lounal of Ihi* Wotoro KOcIOIt of Baslwiem ClblfAWO, 
Aplilp ItflOr Pmenlfal More Iht Mhfletx OclolKir IWHIr JfiuniidT rapi'rliht If^ld 
tij tbs Bdcl^tj ur Euftlnwuii. 

*Mr CbanUtB dle4 EVimratwr 2fl, 1W<I, 
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Aver^Vand myself ) without any iiccidents—not even a single sprained 
ankle. The only thing we had to deplore was tlie fact that sny son^ 
in mnking one flighU toni Uis Lronsers. An account of Xhi^ experi¬ 
ments was published in the |oiinial of this socicly for October^ iSS", 
and siibseqTiently an acconnL was also published in the Aeronauiic^l 
Annual, Boston, in ISGT. That ]uiblication contained the statement 
that it was thought that these experiments were promising^ and I 
gave an invitation to other esperimenters to improve u|xni our pnie- 
lice- Tliat invitation remained unaccepted until Mart^hj IDOO^ when 
Wilbur liYright wrote to me^ making inquiries as to the cont-truction 
of the machine, maierials to be used, the best place to cjiperinicnt, 
etc. He said that he had notions of his own that he wanted to tn'^ and 
knew of no better way of spending his vacation, j\Jl that infomintion 
was gladly furnished, itr. ^\''right wrote me an account, suW- 
qucntly^ of his experimente in i^)00, which gave such encouraging 
results that each year thereafter the brothers carried on further ex¬ 
periments in North Carolina and at Daytoui. Ohio* 

On the ISth of ScptemlK-r, Wilbur Wright; resd a paper be¬ 
fore thU society^ In wliich he gave an account of what he had done 
up to that time. 

Again, on the 24th of Jime^ 1303, Mr. Wright read a second paper 
before this society, giving an Bccoimt of hia progress since 1301. Late 
in the year 1&03 the Wrights applied a motor to their gliding ina- 
chine, which by that time they had under perfect contrrd, and they 
made their first flights on the iTth of December, li>03. (I might 
tnention that I wae prif^nt on each of the Years during part, of the 
experiments.) At that titne Wilbur Wright expressed his intention 
of giving to Uiia society the first technical paper on the subject which 
he fiimlshcd to anyone^ He said he had already promised to give 
H popular account in the Century ifaga^ine, but that a technical 
paper, giving an account of the results and the laws which had been 
observed, would be reserved for this society. 

In lOOS Mr* B'right told me it had dawned upon him that there 
waa some money to made by selling the invention to govemiuents 
for war purposes, and that he would defer giving a technical paper 
to nnr society. He .considered that his invention would he tnore 
valuable if, with the machine, he could give Lh$ secrets of construc¬ 
tion and laws which have been ob^^erved. I do not know whether the 
paper has been written* but 1 hope you will get it some day. 

Of the early flying experiments which had been made previoue 
to that time I will mention but two. 

Plate U figure 1, represents the ^ laiKim machine of 1834. Mr. Maxi m 
built an enormous apparatus, weighing 8,000 pounds and spreading 
4,000 feet of surface, moved by a steam engine of 3C0 horsepower. 
That machine was run upon a track of ft feet gauge a good many 
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PVATE 1 



1. maxima MOLTlI^LAfclE. 1g9^4—FflONT VIEW, 

S^.000|kioiuK ItiiirpflJlcMl bj KTvnrN'|i:)iAt^r Rit-jiM iruglTiv. 1^ ft^l; 

jucH, 4.D0U ic^i+ |:jn>.ax). 



2, i MUiTiRLAHE, l &94-SlOE VpEw. 

WlH,T4 njn nn mil- ml HuTdyfvn'a Prtrk, HBjilmid, Inly 91, m\ Sf* mite* md lunar, 
ihi* iiiti(«hiiair lltictl ririf Ini44'l4 luiTn- iIiah iH welithi tliat U LrFtibjq « mi of milfl 
provldMl la tiaLil h duwii. nud tbui <tviiaullM|ie4 itmllL 
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times, and on one. occasion it undertook a vagabond flight on its own 
account; its eqiiiJibriiun was bad, however, and the steam was shut 
off; the machine alighted somewhat broken. Mr. saw clearlj 

that it would be necessary to change the design, and he has never 
rebuilt that machine^ 

Another view of the same machine is shown in plate 1, figure 
It had a large aeroplane at the top and two propelling screws II 
feet 10 inches in diameter, which imparted a speed of 45 miles an 
hcirir nmning over the track, and it was held from rising by wooden 
rails of 35 feet gauge which engaged outrigger wheels as soon as the 
machine left the sustaining track* 

Masmi is now said to be building anotlier machine, whicli it is 
expected will he completed soon. 

The next experiments were made in ISOG by Prof S* P* Langley. 
After devoting some years to experimenting^ he deviised a working 
model which he starteci from a launchiiig scow. The model machine 
flew perfectly on the Cth of May* in the prt^sence of Alexander 
Graham Bell. This machine^ shott-ji in plate 3, flt^w about three- 
quarters of a mile, alighted safely in the Potomac Eiver, and was 
ready to fly again. 

On the 28th of November, with a similar model, Lrfingley made 
another successful flight, and further In undoes were privately made 
subsequently^ [For flights of ISDP and 1903 sec plate 3.] 

He wfiB then urged by the United States Government to build b 
full-sized machine, capable of camdng a man, and he spent three 
or more years in doing so. That man-cartying machine was com* 
pleted in 1903, and on the Tth of Octo|>er of that year the launch 
wa?^ attempted. The machine, however, caught a projecting pin 
of the launching rail and was cast down into the Pntoraae* The 
oj^erator;. Mr. Manlj^ was upsetj carried down into the river, and 
rame very^ near drowning. Another effort was tnadc December S 
and the same mishap occrurnecL Part of the laundiing ways caught 
the machine, and it never entered upon flight. There m no doubt, 
however, that if the machim? had l>een properly launched it would 
have flown. The machine is still in existence. It was broken when 
alighting, and m picking it op aftem^ards, but has been repaired. It 
is most unfortunate that further effort was not then made to launch 
that machine, and that Ijingley was so severely criticized in CongtEss 
and by the newspajaers. He was grievously baJkeci of deserved sue- 
and he died of apoplexy two years afterward. 

The next attempt to fly with a man*carrying machine was in 
North Carolina on Ihe iTth of December^ 15K13, when the Wright 
brothcTB effected three successful flights, the first, to alight safely m 
history. The longest flight covered B52 feet and occupied 59 sec* 
onds* in the face of a 20-mile wind* The weather was so inclement 
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thhi th^y then took the machine flown and nbandoned experimenting 
for that year. Tliene had been imfortiinntely some previous delays 
and breakages. TTTien I went thirre in November to see the launch¬ 
ing of the tnachine^ it. was post|Kined first by the twisting off of the 
shaft, and then by the breaking of ihv propeller^ which required 
!K»nfling it laiek to Dayton in opfler to repair the work in the shoj), 
hut full succe^ was attaine<1 at last. To IE>04 ih^y operated in a 
field about 8 miles from Dayton, Ohio^ and it t4x>k tliem mofit of that 
year to loom how to turn a corner. The machme was slightly 
broken a miinber of timi^ repaired^ and finally« in C>ctober, IW, 
they got their apparatus under perfect control, and succeeded in 
making a flight of 21 miles in S8 minutesL They made 105 fliglits 
in 1004 and 40 Sights in 1005. The system which they have ntloptecl 
in order to avoid cairring tew powerful mid heavy a motor is shown 
in plate 4^ figure 1. The machine is placed on a single rail, weight.-i 
are hoisted on a derrick, and a mpe is curried from the derrick with 
A return pulley to the machine. Upon the dropping of the weiglits 
the machine is given an impulse^ this metliod being found to be 
prefenible to the catapult which Mr, Langley had devised and which 
failed him on two occasions when trying to launch his machine. In 
plate 4. figure 2, is sho™ the machine at the inner end of the launch- 
ing rail;, just before it gpts under motion. The laimching rail is 
fiO feet longt and with the aid of the falling weights the machine 
quickly acquires the necessary velocity for rising in the air. 

The 3 'ears 1006 and 1007 were spent by the ’VVright brothers in an 
effort to sell their machines to various Governments^ Tliey had taken 
out patontA in eight different cOiintricSj and they hoped to sell flying 
machines to war departments, together with the secrets, the tables 
of resistance, und all the elaborate cakulattons which they had luadc^ 
hirt in each and every caec the Government wanted to Iw shown the 
apparatus before buying. Tlie Wrights refused to exhibit the ma¬ 
chine until such time as they had a contract contingent upon their 
performing certain feats—notably, to fly with two passengers and 
with enotjgh fuel to carry it 125 miles: that it mud attain a t^pced 
of at least 86 milcis an hour, maintained over a distanco of 5 miles, 
and must fly continuously for one hour, 

Xone of the Governments would thus contract with them. Tliey 
were offered at one time $120,000 hy the French Govenimerit, but 
they i:efuia?d. They were then offered $2 OOj 0OO if they wonid per¬ 
form their feats 1,000 feet in the air.. To this they said that thev 
had no doubt that they could g^t up 1,000 feet but they had never 
done so and would not agree to the propositi oUh 
I n 1008 they changed completely their plan of operation and de^ 
cided to show their machine with the risk of its being copied and 
getting themselves into litigatEon. Plate &. figure I, showg the mu- 
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Plate 3- 



1+ H0US£-BoAt Awn Lalihcmjng Apparatus fqh Laj*ol£y Aerd&rome, 1899, 



a. Quarter-Size Unolev AEHOOf^ou^ m FlighTp AUOUST 8, 1903. 
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Plate S- 



1, Ssoe VIEW OF WRIQ-HT MACHINE. 



2 . THREE-QUAHTEFtg V^EW OF WKSAm" MACHIliE- 
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chine of the IffOS design, at Le Mans, where Wiibur Wnght first ex¬ 
hibited it to the French, while a contract had Ijceii made in this coun¬ 
try with the United States Government to furnish a similar machine, 
and figure 2 represents a three-fourths front view of the machine. 
Them is at the front a double-decked horisiontal rudder. It will be 
noticed that tliese inventors have modificil the make-up of a bird by 
putting tho tail in front. Behind are placed vertical rudders, but it 
is the front rudder which elevates and gives iioriaontal direction to 
the lunchiiie. The rear rudder guides the mflchiue to the right or left. 
Back of tho main surfaces are the two serows revolving in opposite 

directions. ■ l-i 

The machine is equipped with a pair of skids for iilighting. while 
the French people have equipped their machines with wheels. The 
wheels weigh ni<W' ^ skids, 

blit the skids iiequire a rail and a starting weight in Older 
machine into the air, unless there is a brisk head wind, l^tc d, 
figure I, is from a remarkable photograph sent to me by Willnir 

Wright, which was taken just at dusk, _ 

Mr. Wright had extraordinarily goo<I fortune m carryi^ on me 
experiments in France, hw machine falling only once. Om other 
accident occurred in the breaking of one of the sprocket chains in 
mid-air; but he then operated the niftchme as glider and eame own 
safelv. The French people at first made all sorts of commenhs, criti- 
ciam^ and curicutiin® of Wiibur Wright, and even published a niim- 
Ijer of amnsing songs, but finally he triumphed, won their est«m and 
admiration, and the>’ acknowledged that he was the master or all t le 
ariatori. Plate 6. figure 2, allows one of the flights at U Mans, 
From Mans he went to Auvours in order to get better ground, ami 
thei-e made over 100 flights- 

Tho more remarkable performances which lie made I have under¬ 
taken to tabulate, Init I will not inflict those atatistics upon you this 
evening. Jifr. WrIglU established great records, however. On the 
18th of Deccmlmr, 1908, he How 62 miles in 1 hour and i>4 minutes, 
this being ut that time the world’s record, and he beat this directly 
afterwords, on tlie 31st of December, by flying T7 milw in 2 hourB 
20 minutes and 23 seconds, thus winning the JficheJin pri7.e and 
establishing a world record, which was only beaten in the touniamcnt 
at Hheima three weeks ago. In Rome he took up a great many pnS’ 
sengers, and on otia occasion he started without the use of starting 
weighUf, simply faring » wind of sufficient intensity and going up 
straight fro»« the ground. Plate 7 shows one of these flints. On 
the 25Hi of .September, uftcr returning to America and after be hml 
been universally ncclaimed in this eountry and overwhelmed (mod^ 
man that he is) with public dinners, reraptinns, and medals, he 
encircled in fligivt the Statue of Liberty in h"ew York Harbor and 
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made a ma^ific«nt High I of 31 mil^^ frorri Govertitii^ Island to 
Graiit^5 Tomb and return. 

ileanwliiie we may go back to September, 1908, and note ^me of 
Oirillo perfcsrmaticeii- Ho liad at Wasbmgfton the s^anie 

general arrangmuent, consisting of a launching rad, launching der¬ 
rick* and an apparatus for lioisting up the weights, in order to give 
the macliine impetus. Thk ueroplane b 40 feet across and has a 
bread til of 04 feet. The front rudder is 1C feet long, 2^ feet broadj 
and is equipped with skidsi its shown in plute 5, figure 2* The pro¬ 
peller is of peculiar and original construction^ and the motor is in 
tvcrj- way tlie TTrights^ for^ in LU02, they made u csinvass of the 
different makers of goaolino motots in tins country, asking them to 
fojrnbh a motor according to spedfications which tbey jiresiented. 
XoriG of them wt that limo could do so. and Uie Wriglils went to work 
thenn^dvea, designed n motor, and built it with tlieir own haiida 
This design has proven mote reliable than the motors hijUt in Frances 
whidi are unduly light. The Wright motor, originally of 15 pounds 
to tlui horsepower^ w^as reduced to 7 or 8 pounds to tim horsepower, 
while the French people are building motots weigiiing W to 5 pounds, 
but tliey do not prove as i-eliable, whUs the Wright motor has never 
given any trouble and has proven reliable in every respect. 

Orville Wright made a number of unofficial tests in 1908, On the 
8th of September he ro5?o to a heiglit of lOO feet and flew 40 mUes; 
on the 13th he made a little higher osconaion, estimated by the Army 
officers at 200 feet, and Qew 50 miles in 1 hour and 15 minutas. Al¬ 
together that year he made 14 flights, On the moniing of the 17th 
of September he made several short flights. In tlie aftcriiwn of that 
same day he met with u terrible iiccident; his propeller broke while 
he and Lieut. Self ridge were in mid-air, the machine falling to the 
earth, when Orville was seriously Injured iiud Lieut* Selfridge wa’j 
killed. This ended the teats of that year. The Government grantoi 
an estensiou of time and tiie trials were not resumed until July of 
tiiiR year (1909). The results this year, as you know, Inive been very 
auccessfiJ. The official time lest shows that on the 37th of July the 
machine remained in the air for 1 hour and 13 minutes, with two per¬ 
sons on hoard. 

On the 80th of Jul)" die machine traveled 5 mites and back cross¬ 
country in 14 minuties, wilh two persons on t>t>jjnl, at a pipped which 
Sivemged over 42 oules an hour. Therefore^ the rnachino was accepte^l 
by the Ooverinuent and b premium wna given the IVrightsof $d,O 0D 
for the extra 2 miles of speed. Wilbur Wright is now engaged in 
teaching the Army officers how to use the machine. Immedmtelv after 
iho acceptance of the machine, Orville Wright went to Berlin, and 
there he has been accomplishing some remarkabie feats. On the 29th 
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of August last ho made his first exhibition tliere, flying 15 minutes. 
On the 8th of September he went up with Capt.Hildebranclt; on the 
16th of September he went up with Capt. Erigleliardt, and on the 
17tli of September he made u deinonsimtioti before the courtv On 
tho ad of October he took up into the. air the Crowm Prince, who ^ve 
him Bi handsome present, and on the 4th of October he made a flight 
()f 21 milfts, rcncUtug a height estimated at l,iiOO feet-. Ihia is the 
latest performance which lie has made, ailhougii there is no telUng 
w'hiit another day will bring forth* He is now in Peris. In Lsindon 
tic niav make some demonstratiolis with hie niachine in the course of a 
week or two. 

The French, in 1&05, became partly acquainted with what had been 
done in this country, and they thought it would nercr do to let the 
^\jiiericaiis obtain priority in the air, so u good mimy people began to 
experiment, jVmojig the first was Santos Dumont, who mode a flight 
OJJ the 12th of November, IPOO, of 720 feet in 21 seconds with his No. 
14 machine, Hargrave type. That flight created great excitement, 
and the French people thought they were on the high road to beat the 
Americans, but it ret|uir«l a good deal of further experimenting be¬ 
fore that result was even partially iiccomplislied, 

Santos Dumont brought tlie machine out a second time but broke 
it. He then concluded tJiat it was not built on the right plan and 
began to experiment w*illi a modified machine. It prov«l unuatisfac¬ 
ton' in various ways, and after it was bniken he rliscnrded it, 

i“he next nmehino he trie<l was the biplane, the oelluly partitions 
being removed. That ought, in my jiulgment, to have given satisfac¬ 
tion, but it did ni>t and be abundoncfl it. although with that inaehino 
he made s [light, in Paris, on the iTtli of November, IfKlT. of 500 feet. 

He tiien w^ent over to still anothoi" plan which he called tlie Pin! 
of Prey.'* In this design he placed the motor up in tlu? top and had 
n dihedral oogle in the biplane. Hut that did not give him satisfac¬ 
tion, and in tlie next tuuchine he finally went over to die monopJafie, 
which the French people have always insisted was the bc^ deflign for 
a flying mnehinc, and which they have promoted flS against tlie 
biplane. 

Plate 8, figure 1, is a view of the raonaplane of Santos Dumont, and 
with that on the lOtb of ilarch, 1909, he made a flight of 1,300 feet. 
On the lOtli of April he made another flight of 1.2 miles. On tho lOth 
of June he made a flight ai Issy, near Paris, of 820 feet, at which 
time his machine was struck by a downward rush of air, and to hia 
great asftonishincnt he found himself suddenly on the ground. The 
machine bad gone down without his knowing what was happening. 
Fortunately tho mndune was not- broken and he was not injti™!. 

Santos Dumont's idea had been ail aloiig to Imvc a bandy machine, 
and he finally built a baby monoplane, which he called the '* Demoi- 
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sfllla^” (Dragon Fly). This is tJie smallest of iJl tiie existing aercH 
plan^* Its supporting surface is only OT 5<|uaro feet; its weighty 2G0 
pounds, IVlieji tLst is compiired witli tJio Wriglit coachine. winch 
has HK) square feet of supporting aurfacne and a weight of ^50 pounds 
(the empty maebin*)^ we caji appreciate the eoorxnous difference end 
Ihe ncoessitTt thereforcj of driving this Dnigon Fly very much faster 
in order to ohtoiii support from die air, with so very small a surfat*. 
On the 13th of September of this year, near Parhij Jlr. Dumont was 
able to drive that machine 5 miles in five minnle^, down the 

wind, or at tiie rote of hO miles an hour over the ground. The speed 
through die air was probably ttlx»ut 50 miles an hour« Plate 8^ figure 
2, is from a photograph taken during dial flight, which was frrsm 
St Qjt to Bun. I think the ge^ieral idea is sound, for the smaller tiie 
flying machine can bo made, ^vitliin limits, the faster it must be made 
to go, and tlie more uesfiii it is likely to pro\"e for varying mnJ 
ccmditiomi. Commercially I have no dear opinion us to its uses, but 
as a mode of rapid transportation for very light loads, I think the 
smaller the aerial plane the better. 

As regimls the question which bos l>een debated extensivdy, 

of the relative merits of tho biplane and monoplane, I do not think 
we are yet in pi>sition to decide w^hich is tho bettor design^ Bodi 
have tlieir gootl points. Tlie monoplane offers less resistance, but 
the biplane k steadier, sliffer, and stronger hi every way. So it k 
only eicperience that wdll detamime which one is tiio tuosL efBcleiiL 

Other experimenters have come into the field, and among the fiT>d 
was a clever young sculptor by the name of Leon I>e]agrange. He 
went to Voktii Bros, ajid a£4£ed them to build him an aeroplane. Thk 
was called the Dclagrunge mucldne, but as a matter of fact the design¬ 
ing and constniction was done by ih« Voisin Bros-, who are a leading 
authority on tlie subiect of building flying machines, and who, in two 
yearsi have liad to enlatge their shop tiiree times to keep up with tlieir 
orders. 

In plate 9, figure 1, is aliown the tnachine the Vomn Bros, built 
for Dekgrangu. At first he did not trust hiiuself to fly the machine, 
but got Vokiii to ride in U and ahow him how. Subsequently ha 
flew in it himself and all the later feats he has accomplished by him¬ 
self* On the 11th of April, 1903, ho flew 2 h 5 miles at ; on the 27tli 

of May, at Rome, 7.9 miles in 15 minutes and 26 seconds; at iCJan, 
June 22, 10 h 5 miles iq. lit tnlnutes and 30 seconds. Tlien he went to 
Turin and for the first time in history took a lady on Ixiarcl, who was 
very proud of the honor* The picture {pl« 9, fig. 2) k from the 
meet at Rheims in August, 1909, where Ddagrange flew 31 miles on 
a monoplane. It may lie remarked incidentally that there have been 
lately quite a number of di^ toumament^ in Europe, which hare 
attmeted great crowds, have proved very Batisfactory, and where all 
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previous records hcive bren ijiDtislicdi Oiitf iviis nt Khcinis, wliere lUt 
Chajnpnime ixsoplc contributed large aiunfi for the expenmimtfi. \a- 
otliur tournament look place later in Rerliii, and atEl another iu 
Juviay, near Piiris, ia October, 1509. 

The next tnan to gimt protuinejic® was the celebrated sportsman] 
Henry l^nmian, who walked intoilie Voisiti shop one day and ordered 
an aeroplane. Ho succeeded on the 26th of Ortoljcr, 15QT, in flying 
253 feet., which wt that tune was considered a great feat. He then 
attempted to sweep a circle, but did not succeed. It really took the 
French people two years to learn how to turn a corner. 'Dicy were 
somowhatmisledatflTst by n matlieinaticnl equation, and then dosiely 
annii'zed the riiotions of tlie bird. Tlioy found that he flexed one 
wing nt a lower angle than tlie other, placing himself thereby on a 
slant, so that the Geiitripetiil force of gmvily should overcome the 
centrifugal force of ihe speed, and that similar effects could be pro¬ 
duced by side fins and wing tips. Since that time they have turned 
ciNaiors without- great dilficiiltT but only on long radii. 

Mr. Farman w as successful, among other things, in sweeping curvea 
on the fith of July, 1508, when he flew 12 miles in 10 minutes and 
W'ontheAimengnnd prijse which had teen offered for the fini tuniing 
of a comer. One of his flights is shown in plate 10, figure 1. On 
the 30tli of October he made the first cross^ooilntry fUglit in bisti^ 
hy going from Chalons to Hhelms, 17 miles in 20 minutes, thus win¬ 
ning great applause and becoming the foremost aviator in France. 
In 1505 he designed and built a flying macluue of his own with which 
to compete at the Bheims toumanient. He put both skids and wheels 
in this, the wheels being w adjusted that they could Im lifted up, and 
with that apparatus splendid resulls were obtained in the Champagne 
tournament. The apparetus is shown In plata 10, figure 2. 

On the Ibfh of ,Tuly that machine flew for 1 hour and ‘23 minutes 
at Chalons. On the 23d of July he took a cross-country trip covering 
40 miles from Chalons to Suippe. On the 27th of .kngust hb machine 
made a flight of 112 miles at TChrims. which is the world’s record for 
distance at present.* and ha reeclviHl. therefore, the first ]wiza in that 
tounininont. On the ?ame day the machine flew 0 niUes in 10 minutes 
with three persons on board, this tieing the first time three persons 
had ridden in a flying machine. 

The next experimenter to be mentioned is Louis B14riot. He be¬ 
gan his experinients in 1906, and has built and broken more machines 
than any other aviator in the world. Ho has built 12 machines 
and broken about 15, that being atwmpliahed by rebuilding the 
same marhitte after laiiasliing it. He is a man of tremendous pluck 


* tbilf tnlk, Mr., Pi.nzuii nuldCr on ttifl ^ di-r Jfctcttitwrh IMDi h oDIcSallf 

iTfltImiitrd at iri7| tn 4 Ihm™ fl iQll sttondf. TTemllf rtf ICKJ 

DVrtr nirlAilun gr^ubila at ildurmtlaiiL 
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Hud ^Tondorfiil ijiingiuation, and therefore tries all sorts of things. 
The mschine with elliptical ccJlfi was launched on Hunts in the Seine 
in order to haul it up ns a kite, and was IJl^riot^s third. He had an 
Idea that this elliptical arrangement would increase the stability very 
touch, but it did not, and he gave up that idea, He then constructed 
No. 4, which lie called a bos plane. 

Madjine No. 5 was of the Langlej' type,’ on tliesame plan tliat our 
Amy olTicersiiad been unable to obtain further funds to cxporiment 
with — two sets of wings, one behind the odier—he placed it on 
wheels, and with that type he got sc«no vc^ fair flights, flying 4"4 
feet [ Aug, 6, 1007]. That was not enough for him, so he went from 
that to the monoplane and he hos built, I think, six of them- Since 
then he has adhered to the so-called dragon-fly plan and is now 
flying on No. 12. On the 13th of July, 1000. he flew 27 miles in 45 
minutes. Pluto 11 shows the machine on which hej made his journey 
cross-country' from Etampes to Chevihy, a distance of 27 miles, and 
on that occasion he flow acro^ a railway' train, over one of the 
churches, and over various buildings. 

On the 25th of July Bl^riot attempted to cross the British Channel 
and succeeded. Plate 12 is fnmi a photograph taken ou llmt occa¬ 
sion. That trip comprised a distance of 33 miles and was made in 37 
minutes. It created great excitement, great applause, and great 
wonder, although, ns a matter of fact, it was perhaps not ns difficult 
a feat as the previous flying across country, but it appealed very 
much more to the imaginution. 

Bleriot then went to the meeting at Hheims In Champagne, and 
there exhibited some very goocl performances. Ue flew over the 
grandstand at n very great height, made a trip on the 2Tth of .\ugU5t 
of 25 miles in 41 minutes, winning the ninth prose for distance, while 
on the succeeding day he flew 6 miles in 7 minutes and 48 seconds, 
winning the first prisfc for speed.* 

The next niaii who liegan experimenting was Mr. Ssuault-Pelteriii*, 
a young French civil engineer, who started out with gliding ma¬ 
chines, and then built a monoplane. Plate 8, figure 3, gives a view 
of the 10OS design. Tliat is the machine os finally perfected. He has 
made quite a number of fliglits, but no very long ones nor any high 
ones, the higliest being 100 feet. 

Capt. Ferlier, who is next to be mentioned, has been tlie chief apos¬ 
tle of aeroplanes in France. He became interested ill the subject at 
an early date (1808) and has been promoting aeroplanes ever since. 
He began with gliding experhnenta. At first he was greatly in favor 
of the monoplane, but when I explained to him the advantages of 

1 9» ipiwndti tor iwirant of dlchti w(ih Bl^riot inAeltlno No. S. built no Lumlcjr tipe, 

I SuboeqacDllr, Oet I1‘, laW. 1 ip wM rtflWB igaliifl D dltrlDi nn osaiblllnn Blstit 

It CoBOlMtiooplp, ln*t wUb hlj tweutj^Seonn full, Bud mBiilDHj Injorlr* BufflcleHtly 
unn. tuourh not fntol, t« rtquln his J|«U« to a bnpltll. 
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the biplane, he wecepted that dcsi|rD. although he did not like 
horizontal lines, and introduced bird*Uke transversal cnn’ca. Then 
he added a motor; this 'hvus applied to the No. ^ machine, in which he 
still iiad these transversal eurvea in the wings; he had the propeller 
in front, and instead of twisting the wings he used fins at 
which are adjustable, Ik obtained some veri- fair results. This 
chine k shown in plate 13, figure 1- On the Bth of September, 
ho iKjri'owed a Voisin maclimo and undertook a^ trial flight at ^ou 
logne, preliminary to atlenipting to cross the British Channel, where 
it is about 40 miles wide, but, Sri making a turn, his machine tipped 
over unduly to the left. He undertook to alight, but in doing ao ms 
left wing sLniek a lump of earth, or hummock, when the wheels 
rolled into a ditcli. the machine turned turtle, and poor Ferber was 
killed, to tlio profound aorrow of all interested in aviation. He is the 
third victim thus far this year,’ but the wonder all along has been 
that so few accidents have occurred. There have been tliousMds of 
flights made—for Instance, 1,300 were made in one week at the Rueims 
tournament—but thus far only three deaths have occurred. 

Hore pcojde kept coming into the field, and among the later ones 
is ilr. Hilbert Latham, with a monoplane called the “Antoinette. 
Hr. Uthani has risen to sudden prominence by some daring feats. 
Hr. lievavHssciir designed and built this monoplane and engaged Mr, 
Latham to operate his machine. With it Mr, Lathiun got some very 
fine flights, such as that shown in plate 13, figure 2, taken at Rh^ma. 
On the Gth of .Tune, lOOfl, he went across the country 10 nulea &om 
Juvisv. On the llHh of Julv he attempted to cross the British Chan- 
ncl, but was unsuecetssfuL On tlie 2Tth of .Tuly he tried it again, and 
Dew 20 miles, or within 1 mile of Dover; the motor tlien ^ve out 
jind he Ml into the rescue being shown in plnte 14^ ngnre 1. 

On tiie 2fltb of August, at the meeting at Kheims, he flew 93 miles m 
9 hoiiis and 18 minutes, nnd won the second prizo for distance. On 
tlint occasion he rose iiOS feet, a record which has since beaten by 
Piiiilhan and Bougier. who have developed an extraordinary aptitude 
for hiidi flights. On his first attempt, on the 10th of July, 1900, 
Paullian was able to fiv 1.25 miles. On the IDtb of July he flew 12 
miles across country; on the 7th of August, 23 miles; on the 24111 of 
Vumist, IB miles on a Yoisiti macliine, and on the 25th of August he 
fiew 81 miles at Rbdms, winning third prize for distance. Ho has 
since made vciy fine tlighia in various meets, Plate 14, figure i., is 
from a photograph taken at .Tiivi^. 

The next man to roach promijioni.e is Mr. Sommer. On the 4th or 
August. 1900. ho flew 2 hours; on the 2rth of August, 37 mil® at 
Rheims; on tlie lOth of Septeraixtr, 13 miles over troops m review • 

Amipr Wiirf «i p«. <V i.r a un ic tb 
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OR tlie 11th oi September, 24 milej;, from Xancy to Lenoncourt. 
Plate 15, figure I, shows a IJight in coinpany with Farmati. 

E, Lotebvre, an autotnoliile dealer, huTtng purdiaaod a Wri^t 
machine, laid down lines of rails and taught himself how to operate 
and fly the iiiurhine. At Kbeiins he made some very good perform- 
unoes. On the 27th of August he flew 12.5 miles in 20 minutes and 
47 seconds. I'uforiunntely, upon tiie 7th of September, when test¬ 
ing a new Wri|^t inadtine. he was upset and killed, this being the 
first fatal accident to occur in 1900. 

One of the lost men to come into prominence in France has been 
Mr. Henri Ronper, who operates n Voisin machine (pi. 15, fig, 2), 
and who has made some remarkable high flights. At Brescia he 
reached 856 feet of altitude, and later, on aoollior occasion, 650 feet 
of altitude was reached. At Berlin lie won the first prize for dia , 
tance. On the 18th of October, at Blackpool meeting in England, 
he made a flight of 18 miles in 55 minutes, but all of those perform¬ 
ances in hdght fall fur short of the performances of OrviUe Wright, 
who rose to a height of 1,600 feet. 

By the contract in which the Wright firothers agreed to sell their 
French patents to a syndicate, Mr. Wilbur Wright was to teach three 
pupils to operate the machines. The men selected were the Count 
do Lambert, Mr, Pan] Tissandier, and Capt, Lucas-GinudiHlIe. The 
latter, being an army (tfficer, luis not appeared in any public tounia- 
ment, but ilr. Tmsandier has made many good flights, the longest 
up to the present lime being one of fiO miles at Rheims, and he has 
been ti-nining pupik of his own. Count do Lambert made a flight 
of 73 miles nt Rheims, and day before yesterday (Oct. iS) he 
made a sensalimud journey from the aviation grounds at .luvi^, 
when: plate 16, figuro 1, shows one of bis flights over n portion of 
Paris to the Eiffel Tower and back, some 30 miles. Tliis feat, as 
well as the flight of Ijntham on September 27 over the suburbs of 
Berlin, is disfavored iw the Wrighta as involving undue risks of 
neciduift. 

\\ ilbiir Wright also tau^it two pupils in Italy (where he sold a 
mQchLnc)-^Liciih Caldera™, who flew at Rome and nt Brescia, win¬ 
ning some priacs and meeting with accidents, and Lieut, Savoya, 
wli03& p^r foTtiiaiiiiCfs Iihv^q not bo^rx niitdo known. 

Bunaii-Varilla also made creditable fliglits 
at Rhdms upon machines built by Vokin Bros. (pi. 1«, fig. 2)^ but 
the performances most commented upon at that lonrnametU were 
those of Mr. Glen Curtiss, who, with a machine built by himself 
won the Gordon Bcimett cuji by making the shortest time over “>0 
kilometers; won the first prize for sfieed in a tliglg of 30 kilometers 
(46 miles an hour}, and the awond prize for speed over 10 kilo 
meters, m which he flew at 48 miles |Kr Jiour. Pkte 17 shows these 
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flights. Sub&wjuently Mi\ Curtiais won tl.j gni nti prisso at the Biescin 
meet by flying 31 miles in minates and 34 seconds. He liml previ¬ 
ously won twice the Scientific Americon trophy in thi-s country, oocbj 
J uly 4t hy & flight of BjOflO feet at Hatiimondsport, Y., and 
again, July 1909, by a flight of *25 miles in 52 minutes and JW 
j^conds. 

This was the direct ootoome of the labors of the Aerial Expetiment 
Asiociation, organised in ^1908 by Alesnnder Graham Bell, upon the 
suggestion of Mrs, Bellt who generously contributed the funds- Dr* 
Bell had been experimenting with gpoupings of tetrahedml kites, 
which exhibited extraordinary steadiness in the air. He hoprf to 
develop them into an ejfident flying machine of automatic stability, 
and had Ijeen well served in his esiserimeats by two young Canadian 
engineers. Sir, F. W, Baldwin and Mr. J. A. D, ^IcCurdy. In order 
to give these faithful men a ebance to test, their own ideoa the Aerial 
Experiment Association was organizeil by taking in (besides the 
three named) UeuU Selfridge and Mr. Curtiss, the latter then being 
R manufueturer of motor cycles iiml motors at llaiumondaport, K. Y., 
w'here the oxperimeuts were first started. The association built four 
flying machines—the the ll the June Buff, and 

the Sff t'er Dart—al\ of double-bowed diape, shmvn in plate 17, figure 
3, and eiiuipped with Curtbs motors. Witli these eoiuo very prom- 
iang fli^its wore rnmlc, both at Hammondsport and at Baddedt, 
Nova Seotia, to which the association removed and where Mr, 
McCurdy made flights of 19 miles and over. 

1 have memoranda of many more flights that have been made 
by other ttviators, but I think they will be of less interest than tlie 
moving pictures about to be shown. 


[Editor’s Note: The talk was iUuatnated by many beautiful and 
interesting scenes, exhibited by the ste reopt icon, which are virtually, 
though not necessarily exactly, the engraHiigs printed in this paper. 
At the close of the address, some beautiful and wonderful views of 
different machines in flight were shown by the aid of a moving- 
picture machine installed that evening for the purpose. The illustra- 
tiona bn pktes 1. 4, 5; figs. 1 and 8 on pL B; fig, 1. pi. 10; fig. 1, pJ. 14; 
and fig, a, pi. 15 lire from Victor Lougheed’s “ Vehicles of the Air,*’ 
kindly loaned by the Reilly & Britton Co., publishers.! 


AM>Eianix L 

foTIwwtoif inwcnftt nr mgttVi wim ths Bl^rlot Miicblne Na 5 (the Lfinglcy 
type) referred To by >!r. Chnnute on P*i|Ee Is ttniisliiited froin Bullettlue 
BoeJett Ae-Tt>liailtlca ItallaiiH, AltgttiTt 




158 ASNDAL REPOttT SMlTU&OKlAJf 1NSTJTUTIOK, WIO. 


THE XEW ni.JiRlOT AEROPLANE. 

Tb* IV, In tbff form of n hWd, of wblcli wo spoke nt lonjcth In Not 4 

of tUp Hnlleiiti of Uit» do^M pot npponr to gJve ^ood rostilts, porbnrft on 
EtCconnt of tiP liitk of titablHlj+ anti HttHot, inptoflil of itjlni; rtotiie luodlflt^- 
tlniw wblcli tnJpdJl rr-Pieclj’ aticL a Rfpff fa tilt, lalil It mid at otitre be^n 

tbc eonpftaictiou of n new tyito, Ko. V, iidotnlTiif purely and finiply tbo armtifre' 
ineot or the Aiiri>ri™i, LsiiurTeyp wblcli offera a pood etabllitj' isoo Bnllotlu 
11'12, Tfo?. to Dw., 300^5. pp. 1S7 iimt l^S). Tho es|ierlnn?TitH, wbicb were oam- 
mf’Docd a month Hf:oK wore flret eompletely ncpnlKet b^niJw the 24-horsepoweT 
inotor wouM not turn the ppojxdler, whioh tvas l.SO motors In dlamotor And 
1.40 motera pitch. By odTJco of Chpt. Forhor^ Bl^rJot rcducod the pitch of hiS 
propeller to O.tKI metera, bo tluit the motor could give nU Its force. 

This mod motion was jip important one for bis nofopSciae. From that 
moment osvty trial tnorked an ndYniiee. On July 12 ho mnde a flljcht of 30 
metera, and the ATlator wus able to sboTr ihnl the Lateral stnbllliy woa per¬ 
fect Chi July in iJie trial wits mode atpLlnsc a wind of d jpIIob an bour« h|i| 
gnve $pood reanltB. He nude a flight of Mi metorev flhowlni^, hnwo^er^ that the 
hind ppii of the aeroplane wao too hoary. In this dtghL he hn high aa a 

neeotid story nnd on tazulioR the wbecle and otue protkellof were somewhnt 
daroflRed. 

On July 24 t repfllra harlaR been completed., a new trial wo# made. Thlt 
time. In order to romoily lUo defect In the bnlnnce^ Bl^rEot hPd tmwed hla 
seat fomatil nbtmt ^ centimeters. Ttie correction wns too Rreat, for on tbnt 
day the aeroplane, Althongh the hind part arose, was not able to lea re the 
Rmtind. Ob Jdly 27* after IutIdr mannted the Kill on wheeISp as In sklOfo, 
Bl^riot resretmed file ttialK nnd made a flight of 120 nmlera, at llrst moTing hla 
seat back and then, after getting started, brltiREng It forward. Blfrrlot hod 
Mt provided this aeroplane with nn elevntlnR milder* but* folio wing the ex- 
ample pf lilliontlialr cluingerl the center of grarhy uf tbo apj>araluH by moT- 
ins bis own pewn. end after haTing osmbllalLM the proper angle remaltiod 
Immovuble on his seat In order to arise or dcsceml tbi^ rtilninr made noe of 
the ipark lever, thus vary Ins the numtior of tiinui of tbo propeller. 

l:inrlt]g a i^«bd trial on the same thiy, having ncoldentally renebed the limit 
of the fiviatloft field, Bl^rlot; without allowing hlniEielf to be mirprlsed and 
obliged to desTVoid. deckled to ntlampt s, turn by mnneuverlng the Ftcerlug 
nkMer ivftd to return agnln to liie center of the floliL With mnrvelnna pre- 
clslon ibe aeropLane began to flescrlbe n circle of about 200 meters radius. In- 
rJlnlnR ni If on a pisia cWijitcd. Hnvtng flnibbed the flight be quickly 
Rained bis hnlancap etJll In the direction of the wind, but on account of n slight 
movement of the avtatar tbo noraplanc fdl to sueh an extent that ho was 
obliged to laud. He Innded gently and without abock, rolling on bln wbeclo. 

On August 1 be mnde another flight of IDO meters In Qf seroudA. and on the 
fith one of 2®C> meters, with one Interruption. While the ntteatlon of the pilot 
was dSfttraeted for n moment the neroplnne^ which was flying R£ a height 
of 2 or 3 meters above the tfround, touched the m\l with Its sustaining wheels 
nt the end of 122 maters* and then, ImmcillAteLv arising, covered the remaining 
14S meters at n height of 12 mclerB. Bier lot, moving fc^rward roe quickly* 
enused the aeropl^e to descend swiftly to the ground, and the shock broke the 
Bile nnd the blades of the propeller were hent lu order to confirm this 
necounf we reproduce whnt utis aalfl In the Aoto of Augusi T, m>7 j 

Bl^rlot* continuing the trials of his ueroplnne yesterday, sunstHS^ed the 
superb results which he had nlmdy obtained. The trini took place at 2 o'cloai 
in the afternoon on the aviation fleid of l6?y. After a suatalned flight of 
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jibcdt mmn nt n bright of 2 motei^ tlie jitrop^no toiit^lidd ih& with¬ 

out fftopiiini^ hsmever, nml M-t tint fisnln fllmnet Itobi-eslSitElj' at a IiolirM of 12 
metere and ttatcRt^J alKfflt 14S M. Bl^rlot, wbo for tbf? tItPO boa no 

otb^ iB MiTiH of balonclb^ but bjf nioTliiifj bis# tboii a Ut^e forwnrd toi 

stoo Ibo iiBcoiL Tbo D€Toplaiie plangod forwanl, #od to tbe foil tbe propeller 
iaor donia^ed and Uia Axle brolen. 

** HMHott whoAe eourugt? ns a pprrtjaoan eqna]* bSfl leanilJiff as on etiRltie&r^ 
was tmitij iifthL lnspectlciti of tUe appftrQE.ita showed tbat one 

Made of the propeller was bent, wbJcb wnfi 50 jflcteot to pn?^ent tbe nianenTer 
'nRife by tbe nrlator bavlnjf Its dofilreiil olTeet litid contrlbulfd to the fiilL Tbfi 
cnidne will be repaired wlliioiit dUfleully and the tj'lol* will be reftiiiueii 
Frliiay" 

On AiiRUKt 10 he made a dlitbt of SO meters, but Ihe motor was not Ln perfect 
order+ ho Bl^rtot did not make other trlalsL He decMed. boweTdr^ to suhstltnte 
dedfittely n SiO'bonwiwjwer motor for tbe ^4-hor^^\nm^T melor witJi which he 
made all the exiwlinenti ahore reported, which w^ere of a character to eneoar- 
the most ^Dicolne eicpeclntlcm& 

Ferbcr advli^d BItyrIot to adopt nn elemtlng rndder nlscv hcceose the effect 
prodoced by clmnwlnff; the position of tbe center of gra^itTr although emcaeiona, 
la very dlfflcntt arid dedcfite to controL 


Arrairpix ll. 

The following tablCp coraplloil by the nnthorp la here reprinted tbmtigh Use 
courteay of the WorM AlmannCp IDIO ; 

cirRONOLOt^r of a’^-iation. 

tCemplled bj 0, Cluayte^l 

ItewElderlng ndvance In nvlatloa took place In and lOCWl. When It in 
remetnlieroft that the first eiicce«iful man Eight, landing snfely, war made by 
WriKhf brothers December IT. 11 ^ that It took them two yenrs— 
to ohtnla entire control o\er their machine; that the ^ntoB^Damotit flight of 
720 feet November 13; IflOfl; eielted the wcmiler and admiration of all Kuifope* 
we can renllic partially ihe progresB made, now that flights of over 100 mEles 
hnve bi»n made, that a height of 1.000 feet Is sflM to have Ijoen attained; that 
them nre hundreds of ^aecefisfal exportmenters In the fleld+ and that records ore 
being hrobep every few dayis. 

It would be quite futile to give a compcndhnn of all tbe flights made la 1®09. 
They aumher thotisanda. The prof! table thing which enn be done la to tabulate 
the more remRrhiible perfommnees; and. Ln order to mark the advatice, to In- 
clnde therewith the former feats of the same avtator, which excited wonder 
only one or two yoam ft go. The moot Jntenwthig of these are prefixed with e 
star. 

Daring lOOD exhibitions of aviating apj^aratua were hdd In Paris, Detember 
24 to 1008; In Liondon. March 19 To 27; In Londnn ngain, Jaly ® to August 
4 : tn Flrnnkfort^ July 10 to October 10; In Paris agntu. S^tember 2R to Octedwr 
17: and these dmw great crowde; while meeie. eotitefils and toiinvninents were 
held at fiheinjH, August 22 to 29; at Breocta. Jteptemtwr 5 to 29; at Berlin. Sep¬ 
tember to Oetobep 3; nt Xew Torh. Beptomber 35 to nctnber 2; at Si. 
October 4 to H>; at Parle, October 2 to 21 ; iind at Blnckpocl and st Doncaster, 
October Ifi to 23. 
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Th# mntf wRIeh faJiTe attniclM mom Attention have been iho crosfrrowntrj 
aigbt of B. Fftrt&iiti. from Bony to BvlmK IT miles, without Dctotwr 

ao, ISOS; of Ortcrtwr 31. IfiCiS^ from Tcuiry to Art^y nnd r^ttirn, with 

landings: of the jatmo tnnn from Ets.mpm to Cbevllly, tnllea, July 13, lUfm, 
Kml lilfl flight fttrosa the Brltloh ClUinnO]. .Tnty 2fi j the two iioBUCt^^fiSfnl al- 
te^mpu of to iwrform tlie rtnioe feot. July sind July 2T, lIKW; th# 

fltghl of Farttinn* July 23, from (^luitiina to Sulppon, *10 mlloa: of hla Glgbls at 
nheima of ii^ mlfe*, AuguBt 27. nm of IBfl nilloa nt Holinnclou, Ne^™bcir 3: 
of Onjile Wright, «t Fort Mjw. July 27 and 30: WrJglit, ot Now Vopk, 

OctolioT 4; of Ctirtlw, at RbalniB. Augiigt 2S and 3D; of Latham, over BerJIn. 
AeptOQibor 27: nnd of De Uindieftp over Faria, Odloher IS; aa well aa a aiwed 
of fthout 90 miles an hoar, dawn wind, at Bliiclc|x>oh mtiiined by Liithain 
Oothbf-r 22, IBCMi. 

Tbrae fcata hfiTo not been neeomplljihftd without aoM tlefilorahla AWfdentiL 
ESeienil hvfatora hnro bM tfiiM or Injured by the fall of their ntaehhie^ and 
many of the laller tLate been emaKbad. it will bo fememhorfHl that LI eat, 
Selfrldge wqh killed nt Fort .^Jey^^r, September IT, JOOB. To IfKiO Fiigene 
heJ^hvri} wn* killed at JuvlHsy, Seplorab&r 7; oa the same day Huea Itoeil won 
billed at Rome while teotlnf^^ a maebiue of hts own iD^tmtlon: while on Boptember 
22 the dJotlngulBh^ nropiiganEllat of n^lntlou In FfHiice, Capi. L. F. Ferbcr, 
WBB kUJod at BonloKne hy na uuliicky landing. On nccember G, A, Fomaude^ a 
French nylator of Sjmidsb birth, was biHed at Nice by the fnll of hie blplanop 
similar to Wrights catiBed by the esnloalon of Ills motor when at a height 
eBtimatod iit bOU uietcra. 

The tendency hue been to ileteiop speciiLl ait»ortti for eiLblbltlon fllghta. Some 
200 of their fllghie, which are thoiighl th& mote tncmomhie for one tenson or 
another, will be fonud In the folJowlng Itipt: 


UKrm^fogy of mcmomOFo /ipAfi^jfofor Arrepronea, 
WILBIIH WRtGtTT, 


iMIk?. 

Ifuhloe. 

j Php^ 
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Rof»..... 


Apt. SO, ISM 

.do....J 




S0|it.3J41KSi 


New 



Oct, ijmk, 
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■ . ..,,dllT .. X . . . ■ . . 
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nconl. 
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Chronotoffff of OntlimeC 

0 EVtl 4 ^B WfllflHT. 
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2 
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nSNHY FAHKAN. 


J}9^ 


Ftofio, 
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I 

Tlmft*. , 

p. 

BsfflKrki. 
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lll^iiTHPi ■ ■ 

ISf+.+ ■■»-•-•-P I ^4-. 
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Jim *r 

1 
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3 
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1 
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1 
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t 
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_ 
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1 
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JftnilW. 

S IIQO 

J 

Cbobiu to 

Aaf-3?4PDI> 


BlldlQO ..i 

I13liU]4o. 

a 

1 

fiiitppe'. 

Flnt prli# lar dliEiuim uid 

150-,, 

.ito-..-J 

.....4o...... 

BidDn..,,... 

10 DO 

I 40 00 
SI 00 

a 

tlJneltp. 

Witu 3 pvmskpmi »0Q 
|sriw. 

wota tiiUNi jidB«,teoD. 

On flnt dAFoliBHlini^. 

OOt, IrlPW* 
Oct. 

.40. 

DMta.... .. 

01 ntUct. L. . .. 

I 

1 

-....do...«. 
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UaanE^BEABAZON. 
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annual nEPOBT bmethbontan iNSTtrunoN, leio, 

CAnwotoro of mCiiwroWe Jfotor AcroplOKCfl—Conllmiefl. 
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PROGRESS IX RECLAMATION OF ARID LANDS IN THE 
^\^i:STERX LfNITED STATES-* 

[Wiih pUites-l 


By F* B, Neweli., Dlrrctfir vf Rcdumalifm Servlet-, 


rilESLKNT (XJNmTIONS. 

The progress? being made by the United States Government in the 
reclamation of tirid landfi under the lerms of the stwralleJ Eecla- 
matioti or Xe win rids Aet of June IT, 1P09« has been notabloi and the 
results as accomplished are inatructive to students of engineering and 
economics, Tlie plans and ho|i^ have been touched upon iu previous 
di'tcusaiojiSj but the time now arrived when more tangible con¬ 
clusions are becoming available. The work is in an instructive stage 
in that it is possible to ol?ser^'e the results of the practical applit^tion 
of ideals nf i.'^nservation and tlw working out of these in communities 
of considerable size- 

Reclamation works have laid out in all of tho T\e5>tem 

States and Terrilories and an inveatiutuil of over $130,000,000 has 
lieen made. Part of the works in eaeji State has been completed 
and is being operateiU returning vl part, of the lwL About 10,000 
families arc lieliig supplied with water* Most of these have come 
from the humid regioofl and have located upon tracts of land whidi 
formerly were considered valuelef?^, and in portions of the ooiintry 
which were called desert* In short, by the use of a truitt fund which 
is iHung returncKl and used over agaiot the waste waters of the Xation 
nre iK^ing con&eni^cd, destructive floods prevented, apparently value^ 
less land converted into highly productive farms* and thousands of 
fiimilies settled upon small tracts sufficient for their support. To 
this extent relief h being given to tlie tendency toward congestion 
in the industrial centers and home markets arc being extendcfi The 
farmer locatetl upon a small irrigated tract owned and cultivatef] by 
himself necessarily practicos intensive farming* produces the highest 

s Taij oft tele l» tn donl InunttciB of pajwr# I'f** SwUliMnlan UflKHTt* fnr lOOl, 

pp 4CT to 423 J iSMia* |>|i, *2? Ig E ia04, pi.- S73 lo 3S1 : liwr, PP- 331 31^ 
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crop value per is a lar^' coimutner nil well producer, and be¬ 
comes tliG most valuable citizen in the ^Lability of the cominonwealth. 

The individual projects are located far apaii and the engineering 
prohtcnis connected with them are varied and many of them novel 
and diOicult. They have not been confined to any one branch of en¬ 
gineer] ng, but include not merely the ordinary surveying and proc- 
ti® of civil enginctTing, wilh planning and cofistruction^ but reach 
out into hydraulics, to electrical development and transsmisilon of 
|n>wer and Uie uae of the power in pumping water and incidentally 
in coQunercial enterpriser, the manufacture of cement, and of various 
^■tractilres^ large and 5 iinalh toj^thcr with tlic safe and economical 
handling of explosives, the digging and malntnining of tunnels^ niid 
ianumerable mechanical operations. 

Joined wilh the engineering been the bnsinc^ side- This in¬ 
volves not tncrely the ex]^nditure of the trust fund and tbo getting 
of the krgeat possible return for it, but the careful iicctiioiting 
for all expenditures in terms of value received. It has not been the 
custom for work under Government auspice^ to ho moasurR^l in the 
ordinary commerdal way by retumje^ On the contrury, it ha^i l^ecn 
usual to state simply that so much money has been appropriated and 
spent. Thus data are lacking for comparison of relative efficiency 
under Govemjnpnt and tinder corporate enterprise tn most compa¬ 
rable operation&, but in the use of the reclnmation fund this side of 
the work has been made prominent, 

Tlic engineering and busine^ problems have bean met and suc¬ 
cessfully solved. The most dilficult undertaking, liowever, is that 
incident to ihe stage of progress now being entered upon, namely, 
the operating side which involves successful dealing with the human 
05 oppi^ed to the physical elements. This means the tactful han¬ 
dling of thousands of individuals* collecting from them in small 
payments the original co^t of the worh^ they m turn deriving this 
money from the sale of products of the soil, and at the same tima 
operating the works in such way that the best results in crop pro- 
duetion may be attained* a!i>o maintaining the strucLiirci^ that ulti¬ 
mately, after having been paid for, they may bo turned over to the 
landowners in the best possible condition. 

The object of the reclamation act, as stated hi the law b the con¬ 
struction of irrigation workvs for the reclamation of arid or semi- 
arid lands in the States and Territories nameil in the act. But the 
purpoese behind the mere reclamation of the land is the providing of 
opportumties for homes for an independent s€lf-sup|>orting citizen¬ 
ship* The low is not drawn for the purpose of making men rich, 
but for providing opporttinitie-R for citizens who liave the skill, 
energy, and thrift K^uilidont to make use of the opportunities for sc- 
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curing^ a home for LlwinscsU'es and for tlieir children; on-^ in which 
the Inudlj iimy be supported; unJ one where with the ^owth of the 
count IT aJid inert as?^ IahlI valuer it will be possible for an in^ 
creasiof? nuniht'r of familiets to maintain themselves upon subdi- 
vkians of the oriiflna! farms. 

Thus far tlie wisdom of the fmincrs of the act lies been demon¬ 
strated» and it has l>ccii shown tbnt, with wise ncimijiijilration, the 
law is proving of iticstiniabki vaJiiii to the States and to iho Xation. 
From time to time, it is necessiiry to make improvements or changes 
in llie organlt: law^ tsueli as are inseparable with growth, but as a 
whole this act has proved remarkably iminpkte. 

CHAHACTEn OF SETTLi^ftS. 

The character of the citizens wlio have taken up lands on these 
projects under terms oi the homestead acb nr have pui^cliascd them 
from the orig^iniil occupants, is m varicil us cun well be IrniAgined. 
Characterizing them as a whole, it muj be said that Ihey incltide 
the more enei^ctic and venturesome part of the population, sudi 
as largely make up all pioneer cojniniiintks; men who have the 
desire for the novelty and far change deeply planted in their churac- 
ter, who are wearied of tbe monottaiy of the old fumilinr life, and are 
at tract etl by the nsmote and unknow n. Among them arc many me- 
chanics, shopkeepers, and clerks, who have had a longing to get 
into the 0[>en aii'j and who througli energy and sejf-ileniai have savtsd 
a little money* Others are young fanners who can not Gnd hmd 
near tiie old home and who wLsh to tiy their fort ones in the AVesh 
Others who conie from nearei* irrigated States, w'here the price of 
land has increased rapidly, and by sdling tlie old farm for a high 
price Uiey can obtain land equally as good at far lissa cost. 

The woukbb? irrigatoi-s come from evorr part of the civilized 
earth hut are mainly AiiiericAiiSL There ai^ some men of the Latin 
nices, Spanish and Italians, also Germans and the northern races, 
English, and Irisli, a mingling of tlie white men of every varied 
of ndigious l^elief and of potitiiaLl afllllatlons. 

As might be imagined, the population in the hrst few years is 
largely transitionah The same qualities which bring a man to a 
project tend to make him leave it. He has heard of all the good 
things, has read the roseate descriptions of Irrigation, its benefits, 
but the drawbacks have never been brought to liia attention. It is 
hardly to be wondered Uiat many of the people who take up irriga¬ 
tion for the first time suddenly awake to the fact that it is not wholly 
a matter of sntishine and flowers, and that for success energy, ^U, 
and thrift are rw]^uired. In order to get well staited qn an irrigated 


172 AKiftJAL. BEFOBT SiUTlISOJTJAN' IXfiTlTCnON’, IMO, 

farm n mini must liove not only jwod fortuno but imitt Ijc propardil to 
omture privations wfaicli Ud would not be willing to consider at home; 
doing this, however, with tlie assnmnce that the rcwai'd liltitilntelv 
win be correspondingly' great. 

Tills awakening to the fact that irrigation has its thorny side aomo- 
limes comes us a startling sliock. suflieieiit to discourag® nil but tjic 
most enthusiastic or persi.st«tit, and tlia more faint licnrtHl seek still 
farther for the promised land. Those who remain soon learn that 
aucce^s must bo preceded hy subduing the soil, getting It into a good 
enndition of ttltli, supplying tJie necessary nitnitts and perliui>s I lie 
phaspliatcs, applying water day or night, and jicrhajis all night, 
wad^ around in tliu mud, or enduring the lieal of the long days of 
brilliant sunshine and the aocomjHinyjtig dust of Ilia arid ivij^ona, 
the troubles with neighbors over division of wnler, the ixisaible (seep¬ 
age followed by crop losses, or min from alkali. All of fh&se look 
very large at fii'st to the man who has never given them thought, but 
Ihey gradually fade again as time goes «n and experience is at- 

As a txinsequence of these conditions ii oonsidemble i>art of the first 
s^ttleni on ever;* irrigation system sell out or relinquish their home¬ 
steads and seek other fieldF. 

The second comer is more apt to stay, tie Las usually looked over 
the field in adi-ancc with considenible care and has weigbod ilie dis¬ 
advantages more carefully than his prcdeceasor, but somutimes he 
in turn sells to a third comer, who moy be regurdctl as tlie final 
locator. 

Tlie first nnd sotiieilines llie sivoiid man has reaped more or less of 
a reward fwr the discomfort.') of pioneering, FFe has obtAined the 
land for nothing or at very small cotft, has, it is true, endured priva¬ 
tions for a time, hut has received an otherwise uiieunicd increment jn 
land values, due to goiuilniction of the works by tile investment of 
capital not his own. TIhls, if bis hind lias cofjt him directly or indi¬ 
rectly $1 or $5 an acre, he usually sells it for ?’20 or ?S0 an acre, the 
final piirebnser paying a reusonublo amotmt for tbe land, but nearly 
what it is worth. The purchaser approaebes the imdertaking on the 
basis of a lliorougli appreciation of values and possibilities involvetl. 
He lias not rushed in ns have tunny of the pioneers liecmise of tlio 
fixditig that be was getting s^jmething for nothing, but on the con¬ 
trary has carefiilly weighed the ndvantages and disadvantage^ and 
has paid a fair price with the knowledge that he must get his tiioiiev 
back out of the land itself, 11 ith him it lias not been a vision of 
comfort or Imviity, but a realkation of hfini work involving certain 
risks, tliou^i with niasonoblc asauraiicoe of sitocess, 
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sizu or rASif. 

Tho sU^ of tiie fannti obtainable from the pabtic domain b lU^fitied 
}yj tbo red a run don act not hy on nrbitiiiry niimber of Jienss^ jls in die 
casta of I he homestead and other similar tnws, but the Secrtlary of die 
Interior is required to |;fivo a limit of area per entry, tv-likh Limit 
shall represent the tioreago which in tho opinion of the SiTretaiy' nmj 
be reasonably re^[aired for the support of a famil)' upon the londB in 
qiiestiuiu-’ 

With refeienco to the right to tiie use of water sold for lands in 
private ownership, the liiiiil is placed at ItMJi acre^ to any one land- 
and no such sale shall l«3 niBcle to any landowner unless he be 
on aetind bona fide resident on minh land or oerupant thereof, rr-sid- 
in^ in the neighborhofrfl/^ These provisions neccs^iUito a study in 
advance of the chaniotcr of tlie irrigable land, so that it n^ivy be 
divided into tracts in accordance with its quality, each of these farm 
units being of n nij^e njn son ably required when irrigated and culti- 
voted for the support of ii family* 

Ill the extreme southern part of the arid region, where the daily 
sunlight and warmth is most favorable for ihe production of crops, 
it results lb at wliere the hind b eareftilly tilled, where it has been 
put into high-grade crops, and especially in fruit, 10 aci^ may be 
8mpie for the support of a family. This is liecause of the fact that 
wilh intensive cultivation, ci'op follows crop in rapid successiou. 
thare being hardly any interval for rest during the year* Alfalfa, 
for example, may be ctit eight or ten times, w^hile there may be three 
snccGssive crops during the year of grains or vegetables. 

Farther north, wdiete the sununer season is limited, nnd there is a 
long cold winter, the area required for a family is correspondingly 
greater. With alfalfa and sugar beets, 40 acres may Iw considere^l a 
fairh' gocnl sl^serl farm, as. for example, in t1>e more favorable parts 
of Muntaua, and elsewhero, 6t> acres is usiialW the limit* Few men 
can handle successfully over 80 iicnefl of irrigated land, especially 
with high-priced water* 

Iti laying out the farm units it ia iieo&ssaiy to follow the conven* 
lional rectangular system adopted by the Government, of which the 
section, or 1 square mile, of »>40 acres is the unit, and tlie quarter 
section of IfiO iicres is the size of the homestead entry. The smallest 
subdivision ordinarily recognized is the qitarter^quutter section, or 
40-acrc tract, commonly known ns a forty.” This in turn in the 
irrigated regions is again divided into qiiartcr-quarter-qiiarters, or 
10 acre tracts, this smaller subdivi^on not being generally rec^ignized 
in the Land OJtiee tracts* 

Not all of liny qtiartrr section or even uf the fot'ty ” usually 
irrigable. GeuemJly the farm unit comku of, say, 80 acres in alJ| 
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of which 43 or 52 acres or some other Dumber may be irrigable. 
The charge for water is n[>portioned according to the nomber of 
irrigable acns, iirespectiirc of the total of the farm unit. This farm 
may p^end across the canal to aD extreme size of 160 acres, of which 
a portion may be dry land above the reach of water and a portitm 
irrigable. 

or SSTITIiE^rEKT* 

The requirement of actual settlement on the reclaimed land has 
been one which has led to much discussion and has been the cause of 
much of the hardship incident to pioneering, 'rhe theory of the law 
as originally passed was that the Government, investing this trust 
fund without profit and interest, does this for the purpose of securing 
settlement in the mow aparsely populated western StntesL The 
prime object WAS not so much to enrich these localities or States as 
to secure resident citizens, who would not only cultivate the soil and 
bec(»ne producers hut would build up Uio institutions of the State, 
make roads, organize schools, and add to the strength of the Com¬ 
monwealth. 

If, however, the Government were to reclnim the lands and permit 
men living in near-by cities, or even in Chicago or Xew York, to pur¬ 
chase or hold these landa, cultivating them through tenants, the main 
object of the bill would be defeated. It would amount practically 
to lending this money without profit or intenjst to a favored few. 
Assuming, for example, that the proportional c<Bt of reclaiming a 
40-Bcn5 farm was $30 an acre, this would be $1.SOO InvestcKl by the 
Government for the benefit of stone one family. Tliis $1J200 is to be 
repaid in 10 annual Installments by the landowner. If he prefers 
To live in the citj', and rents tho use of the land to some other indi¬ 
vidual, this renter will have little, or no interest in the permanent 
improvement and in development of the land and of the communitv. 
If cither man rs to be benefited by this Joan of the Government ]t 
should be tho renter on the farm rather than the big or little capi- 
tnliid living in town, ^ 

For Ihw roason the resident clause has been held to be vital to 
the object of the act, although it has caused much hardship through 
the reqiuremimt that men bring their families out into the desert and 
live thero throughout the early years of preparation. From the 
standpoint of a man working in a store or mnehine shop, a teacher 
or professional man, the idea is extremely attractive of getting one 
of these homesteads from the Government, visiting it occasionally, 
a ding improvements, and hiring a man to look after it until the 
wromunity has bwn built up and tiie days of pioneering have nasacd. 
His monthly savings can be put into the little farm and provision 
made for the future without interfering with his dailv wage-earning 
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capacity. It sccais to him a useless; hordsliip to be cotopcllcd eiihar 
lo give up the form or to go auti live upon it. and be urges that if 
he be allowed to hold the farm and invest his saviugs in it he can 
ia the eud bring about a higher development than would be possible 
if he spent all his time on the farm itself. 

There is^ however, Jio way of distuiguishing between the small 
investor and the large^ and if the school-teacher has the right to 
enjoy absentee landlordisui^ £0 has die man of larger means. Thus 
it would happen that the bounty of the Government would be 
enjoyed by people of comparative wealth and leisure, renting their 
farms to the class of who are most needed as resident owfiers, 

CBOFS* 

The crops planted by the settlers are as varied as are the farmers 
themselves and the climatic surroundiogSp They naturally endeavor 
to raise the things with which they ore familiar and are somewhat 
slow in adapting their nielhoda to the requirements of the ^il and 
climate. As a riile^ grain is planted prst, as it ia a quick crop and it 
is po^ible to realize an early reiam from tho new ground. The 
escpcriencod irrigator endeavors to get a small pert of tlvc land into 
alfalfa as quickly as po^ible^ bnow'Ing that it enriches the soiL 
IVith his first grain crop he sows on part of his land some alfalfa 
seed and if the stand is good he leaves this small tract in alfalfa for 
a few years, cultivating the remaining areas and adding each year to 
the alfalfa tract until the time arrives when he can plow in the alfalfa 
which was first planted, turning the plants under to enrich the soil^ 
then cultivating it and planting to root crops (pL 6, fig^ 2). 

One of tlie problem? with the lighter ami sometimes better ^ils is 
to hold these in place until the crop$ are established. The desert 
vegetation, tJie ^agebrueh and grease wood, while tmdifiturbed protect 
the soil from the winds, but, has been shown by bitter c-vperience 
again and again, when these plants are removed and the ground h 
plowed the winds of early spring sweeping furiously across the dry 
level field blow the soil away in clouds, carrjing off the seed (pL 1, 

It requires a few inddfints of tins loud to convince the newcomer 
that it is wise to follow the advice given hiirL not to dear his entire 
farm at once, but to leave rows of sagohni^li across the path of the 
prevailing .spring winds. He soon appreciates that it Ls little short of 
wicked to burn the sagebiiish, ami instead of piling it for destruction 
he learns to leave it in long windrows, cultivating the places between 
until the ground is well shaded by the growing crop and the roots 
have been firmly established, then he can remove the remaining oage- 
brufh or windbreaks and get his entire field into crop. In a few years, 
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bj careful Jiandling'j tho light ^11 bccoines reasDRabJy conipactjCKl^ or 
held bnek hy the roota und simw of thfi TTpgtdiition, or proteottti by 
the growing trees and shrubbeiy, so Umt no further dumarte is 
incurred. 


rtionLrus, 

Ihese probleme of dealing with the settlers, of giving them sound 
advice, nt the same time collecting from them the etist of die 
works, involve the problems whidi are far more dililcult tlniii 
ose^of engineering oonstmetion or reluted business nuinage* 
ment The difficulties of nianagement are complicated by tiie 
fact that the irrigator frctjnently regards his individual intei^ as 
anta^nistic to that of the,community or nianiigeiuent, insisting upon 
wasting water bewiuBe of the miKlaken Jxdief that the more of ii good 
thing he has tlie better. He thus gradually icduces the value of 
hts land or mins it and that of his neighbors, contesting stublioi-tilv 
every cifort at economy and wise management, because it interfere 
with hlfi convenience. He has paid for w,iter and ho wants all be has 
paid for and niorf^ awakening too late to Uie fact that in all this he 
has been stmggLing to do the wrong thing, because tt seemed id the 
lime easiest or cheapest. This phase of the work demanda not merelv 
en^ncermg skiU and agricultural knowledge, but the eisercise of 
patience, tact, and firmness to the highest possible degi-ce. 

It IS probable that as irrigiUion ssystems develop.^ as tho countrv 
grojs older, and experience is acquired, the good practices will 
ia"ystaUir.e into customs and the customs into laws or regulations mak¬ 
ing it Msier to control the dialribiition of water, but at the present 
Bto^ of the development under Uie reclamation; act. with new officers 
and ^ploy^ in a new countrj' with almost unknown soil and 
chmahe conditions, with families f«,m all parts of lUe ITnitcd States 
and from abroad, with irrigators who have never irrigntetl before 
with customs imcrystallized, with laws and court dwisions confusing 
and apparently wntradictoiw, it is easy to sco that there is no lie<l of 
for tho water master, who must operate hundred-H of miles of 
new ditchca^ delivering water to himdreds of new farms, through or 
by moans of luhdf^ of structurva, including lieadgates, flumes, cuh 
iert^ and with bridges, crossings, etc., to bo maintained. 

manages a large complicated 
^tem of hundreds or thousands of small farms, who must iSlan out 

1^ W <listribiition, who must guard against 

LTI ^ 1^ ^ Si-Stem, and who 

mkra the place of Prondence for a community, is the most abused 
individual in tbe comirturjity. 
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AJIOrST l>t' WATER T'SED, 

Til? phmso “duly of water” is iiscd frequcutly indicaliiig the 
umount of water rctjidredl during thr yuui* or enjp season for sucetss- 
ful irrigation. The duty of water is usuiilly espres.'ied in depth 
over the surface, for exaiiipie, the stntcinient that ihe du^* of water 
is ^ acro-fect means that during the crop season ajt a mount of water 
has Ixwn a])plie<.l suOioient to cover nn acre to a depth of li feet. As 
the acre <¥>n.sista of sipiare fwt. a duty of water of H aeve-feet 

eorn^(K»iids to tlic u«c of cubic fwt per acre during iho year, 

or nearly a ndllhm gallotis (977,gallons). 

The use of water is also frt‘i|uently expivsscfl by a slatoment tlmt 

1 gectuid-foot will irrigate 100 acres, more or less. This nteniis that a 
stream I foot wi<le ami I foot ditp tlf>witig at the r«*“ of 1 foot- per 
second, or in other words. 1 cubic foot of water [Kn- second flowing 
thronglioiit llie irrigating season will water 100 acres. By a »ttnple 
nrilliinetical computalion, it will be found that 1 cnldc fm^t per 
second Howing for 21 hours w ill cover an acre to a depth of very nearly 

2 feet (IJ8 feet). In other worfls t second-fool is nearly equivalent 
to 2 fUTC-feet iwr dayj thus, if the irrigating season is 00 days in 
lengtli. I cubic ftMJt per fiewmd for fW days will amount U* a delivery 
of nearly IttO acre-feet, nr cover 100 acres to a depth of 1.8 feet. 

XRCESsrrr or noon mas.^oejiest, 

Tlie mine of the crop produced and the consequent ability of the 
farmers to return the cost of the inveSLijient are dependent directly 
upon water being receive<l on each fumv in poiper f|uaiitily and at 
the right lime. If loo much water is applied tlie crops will be corre- 
sixmdingly injured, the avail able soluble salts in the soil will l>e 
waslir^l out or broughl to the surface, tlie laud depreciate in velue, 
and large areas will Iw destroyetl. With inteiisivc cidtivatJon and 
the crop pmluctiuti in the. luore valuabln fruits, lorries, or vegetables 
under ideal conditinu.s, the yiulil may be severtit huiidriHl doUais an 
nerc. By a slight errur (ti ImndJijig the water iho crop value may be 
lessi'Jied by a Inindred dollars an acre or more, 

AUboiigh tbo net iwofliict per acre may appear to be large and sat¬ 
isfactory, and it is impoeiible to prove that higher values might 
(luve Ih'cu n?fiiditid, yet tlifl*man who thoroughly understands the 
siiiiatiun appreciates that there has been a loss of $100 per acre, 
o’hirh is directly itftribiitablo to lack of good inanngemeiit, and lliat 
under Ix’tter conditions higher vtilues would have l>een attained by 
the fanners. TTiis posaible reduction of crop values in a highly 
devetoited agricultural area of say 10,000 acres at $100 per acre 
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mcatis a loss to the ooiumimh^' of ti million dollnrs, or, rather, nn<ler 
butter or more suceessful mnnnjifemefit of the wiiter, the not return 
of the comm nil i ty migh t h(i ve been §1.000,tMH) more t1 u ri tig the season. 

'ITiis is by no means a fanciful idea. The study of ditch jiiiiuage- 
ment mifl croji pnaluction in in-igated regioiLS shows tinit in many 
instances tiiere has la-eii a shortage of water at ii critical time, due 
to lack of forcthotighf or. skill on tlie of soino one. 

The average famier does not appredaUv what this hiis meant to 
him, as he iJ apt to rarely figure out these larger mailers with any 
degree of pnx'ision. iiiirJ has been aceustoined to dUappoiiilnienls in 
his crops so often tliat he regards such matters as insefKirable from 
agrieidlure. If the crop looks fairly well lie friniuently goes no 
deeper. Possibly never having seen a fnll'Ci'op production nutler 
csceeiieiit conditions he has no stanclurd by which to judge. 

This matter was well illnstnittHi by an uxperiencotl irrigation 
manager who e.xamineil one of the. la^gv^ projects in Wyoming where 
the farmers for several years luid Insm wliat they considurtNl fairly 
successful. They had misied pruRthble crops and liail succeeded in 
getting along with eon-startt tem|x»rary repairs to tlie miiiu canal. 
Kc look the history of a single seasons operation iiiul number of 
days that the canal was out of service throuj^ accidental but pre¬ 
ventable bn'dks, and figured on ii conservative ba-sis what would have 
been the erop producLs had the works been maintalried In eicecllent 
order by skilled men. ile siiownd tlial had fire swept through the 
enunlry and destmytHl every visible improvement in the towns of 
the vicinity the lo^ to the entire coiiimuiiity would have been less 
than liad actually rvsulted from preventable fuiluru to opurnte the 
canals properly. The si>ectacnliir view of a burning Iwm or store¬ 
house rivets public attention upon this definite Ins.':, die gradual 
and Ilium press! VO delay in tlevelopment of the crofi day by day Lh not 
notii-eahle. ’Wndle all of the neighborhood would rush to aid the 
owner of tiie-biiniing bam. yet no one knows i>r apparently cares 
while the valuable fruits or o)her croiis nru being imperceptibly 
reduced in value to » far larger degree. 

mmi.ir.ERS. 

One of the fallacies which must be continually met and ovenxune 
with these new men is lhat by applying ivater artificially to the soil 
tlie proces.se.'i of farming an* made easier and that tlieri^ is no neixi 
of applying fertilister. Statements are often made in popular piibli* 
cations to the effect that the irrigating stmims lint only furiibb to 
the plants the nceilcd water but also bring fertili7A>rs am] enrich the 
soli. Tlie Xile YiiUcy, in Egypt, is frequently cited as an instance 
ahore it is allcgial lliat tlirough centuries agriculture has l)ecn prac¬ 
ticed without impoverishing the soil, the rich mud left by ttic river 
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giving h 11 tlie necessary elcjiients reqiiireil for liie growing crop. 
TIusi liowcvcr, is true In part only. Tlie H>ils of £>gypl fnr best 
rc«tulls ranst Iw fertiliKwl by supplying the lack of some of the ele¬ 
ments of pluiit ftXMi not brought by the Nile, 

As a nintter of fnet, Irrigtition can not take the place of cultivation, 
and it is nf*t a lazy man’s form of agpiciiltnre. hut finite the reverse. 
Cultivation may take the place of irrigation to » wriain estent, atul 
it. has bwn fotitni that tijorough cultivation minces the need of 
water^ but neither cult tvaLion nor application of muddy waters will 
bring to U»e soil all the needed constituents which inut* Iw had to 
nl>tain the largest and l^st growth of plant or fruit. 

During the first few years the crop n'tiirns from tins foniierly oii- 
workefl soil are frpfpicnlly largCi but to prej^erve the valuahlo (piuli- 
ties ex[»riftnce ha.'i shown that some of the constituents of the soil 
mtisl Ijc conserved and others added. In otlier worfls, it ia iiiijtoB- 
sible tft take, largo, entps away from the fields year after year unless 
the necessary foo<l is supplied to the plants. The successful irrigator 
must not only cullivut* his fields, apply water sparingly, hut must 
fertilize, supplying those niatcrials which exlJerlence has shown arc 
most iMneficial to the crops. He should strive to retain or renew in 
the soil the useful oonstltucntB placed tliere Uy nature and supplement 
these wliere necdod. 

Most of the soils of the nrkl region contain a large proi>ortion of 
.colnble niineral salts. The miiia have not bet'n sufficient to wa-di 
these entirely away and they remain fairly uniformly diffused 
throughout, the soil* Some of these salts are extremely valuable as 
jdaiit ftKtd, but if at any point in the field they are in excess, there 
plant life is de,?troyed. The chief deficiency among these, however, 
ap]H‘ar^i to be in the phosphntts. It is sometimes eJi^eiitial to supply 
this lack, even tliough there is a large «iuanlUy of the salts of soda 
and potash, 

*1110 pr«)btem of obtaining the phosphates should not be a very 
difficult one as throughout tlic arid region are large deposits of the 
rock carrying the lux-essary’ supply and the smelters or otlier in- 
diisliies, as a by-product, cun produce unlimited quantities of the 
acids neces.sary to put this phosphate into soluble or accessible form. 
The dovdopment of die industry lias, however, tiot proceeded to a 
very notable degree, lievatuie of the slowness of the farmers to roeog- 
iiize the fact that fertilizers of this kind arc valuable and the foHT 
that, if it is generally known that fertilizer should be used, this will 
add to the discouregcmiuit of the new farmers. 

At,nALI. 

The excess of what is otlierwisc a voloablj! fertilizing element is 
also II matter which must be of serious concern. The natural salts. 
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e^,sily soluble? am:! widt^ly fliFlrilint(?d tliroujirh tlie figrictiltuml soil^ 
may Iwcont'entrateci by careless liiinciliTig of thy wrt tur find bring iil>oiit 
a rontlition which bf coven^d by thr geoeriil term nlkalL’^ These 
appear on the surfnt'c of thy ground, usually as a thin white 
crust. IfX^king in the distance like snow" (pL 2, lig. 2). The appear- 
once of the saltii on tlie surface is s<:jinetiiucs preceded by an excessive 
crop yield, followed by diminution and burning out of the plants^ 
and llien by the white patches taking possession of the ficlil. This m 
commonly knoAvn m the white alkali. Another appeurancct less fre- 
qnenU in iJiat of irregular black patches of a ]^x?ctilinr^ almost oily 
siilfKtatice. an though a quanlity of cnidc prtmlcuni had liecn scat¬ 
tered over thr fields dc!islit}yiog the ensp and Icfiving u black shihn 
Tiliis iit (he rlreadcd black alkali* which tnort' tliflicult to rrudimte. 

llie wlihe alkali is of the iKitiire of gypsum^ moslly sulpha to of 
sodii, while the black alkali consists of iniYliire^ of similar in 
which the bicaHxmftte of soda predominates. Tlieir dcslnictive effect 
tain be preinented by care and vigilanccN and remedies can be applied^ 
though at very largt^ expense^ soinetirni’Si loo costly for I he value of 
the laiuL In this, as in many other evils^ tin ounce of prevention is 
w'orfh a pound of cure. 

A atmly of the origio of Ihe alkali shows that as a rule where water 
has been applied to lands in excessive qiianlilics it lias dissolved ^^ouie 
of the valuable salts, imd, keeping thixiugh the ground* has llnally 
come to the surface perhaps a mile or more away. Evai>f>rating, the 
water lias left its load of soluble niatf?riab for a time enriching the 
soil at this locality, ns illiislrated in the Jaige crop growth fur a short 
fjcrtod. The pnjcoss i^ill continuing, the salt has accumulated to 
such an extent as to Ik? vLciihle, 

The remedy lies in two di reel ions: 

Finst, Tti prei piititi" cx«^=wsive uhv of w-ater, nndj 
.Second. In systematic drainage, to lake away any excess of water. 
The first is medianirally the esisiest, bin frniii the hninan stand¬ 
point the most difficult, as it is impossible to wrivince the uvemgi^ 
newroTfier, who fir^t secs the wondei ful resnlb of inlgation, ihdu It 
is possible to apply too much ivater and to ruin liis own or his 
ncighlior's liold* 

Tie call not acc that he is washing out slowly hiit siircl}" the con¬ 
stituents of the soil which are vital to his continued stKxress* It 
nM|iurre a can^fid unalyida to show that these salts, which would cost 
him, sfiy, $100 per acre to apply, cun be quickly piken nway by a little 
careles<nes*N and the true value of the land reduced, "tre is less 
willing to admit that tlit excess water wdiich lias drained or tx?i™- 
lated from bis land, airrvungoff what is valuable to it, is at the same 
time concentrating ila^salts in the soil of his neighbor until il^ value 
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is ircdticed in the «pp<>sjte ilirei;LLoii by becoming overloaded ■^vith 
what he has lost. 

The avLTUge espcrieneed irrigator^ seeing tlial somethiiig is ’WTongt 
and not recognking tliut he himself is creating the mischief^ ehnnqts 
for diii inage- If he con Id have his wuy he would develop a syjitcfn 
of drains sitdi that by having a steady stieam of water flowing to the 
fanin ihere would \m an almost e«|iial stream llnwing invay^ ivnsliing 
over t»r ]>eixmlritmg thrungli his soil. Such efmditbn wonltl result 
in a few years in leaching the land to a meivi insoluble fikeletiin. 
This fntiiro coiitingenoy seeiiiJi; veiy remote in tromparisoii with tfio 
ease nncl pleasure of having an aLuiridunt of water available 

at all times to lurn to tha fielils or running out among his plants^ 

These conditions are given at this time as i1 Inst rating tlie prf^hlenii^ 
whicJi are incident to the present stage of development of the recla- 
Illation pixijects. Oii enoh of thesie a rimilar pcru>il uf education of 
(he iiidiviilnal and of the eonimnnity must be pasrH-d There 

must l>e tanght what is essentiaIIv a new art to men and women who 
have acquired experience along other lines. Many of the farmers 
must unlearn some of the things taught hoyhowh but as time 
goes on, and as experience is liad in the new hoinc and iiuiler the new 
climatic conditionst the importance of (hirt matter gradually dawns 
upon the sctller. As pay men U ai'c made and the responsibilities of 
oviujcrnhip liiMwne more deeply impresa^cch he :^cos the necef^ity of 
various regulations and becomes more ready to ceoperalc in the gen¬ 
eral welfare. 

The yaJnt lessons^ however^ must Iw learned on each c^f the projects, 
and although one gi'oup nmy have ]>i:tssed through bitter cxjierienca 
in losses through following svmng iiwthcals. another group must lea ni 
the same lesson m the sttnie w^ny. 

LOCATION or W’OHKS- 

Reclamation projects. a?= Ix^foufi stated, have been begun in each of 
the Western States and Territoriea. mif] there is given iii the follow¬ 
ing pages a review of the present condition of these, aiTanging the 
descriptive matter a!phah>ti^:Tslly by i^tBtesy and giving concisely the 
physical features which are of mtere^rt. or oonoeming which questions 
are usuiilly urfked by tlie student of engineering. The localion of 
these projects is showui by the small map (fig. 1) which indicates by 
the lienv'y black s[ 3 >ots the relative position and outline of the projects 
whicli are des4.TiL>ei!- The structlu'es arc of all kinds and dcsiu'iptions^ 
and on each project tlicre may be from 3I>CK) to a,000 distinct pieces 
of work, tliesc i-anpng frean a great storage dmn or liinncl, coffting 
n million or two million dollars, down to the smaller divcraloti dams, 
head gates, flumes, bridgofi. culverts, and almost inuuineruble other 
iniiiur works. These are scattered over an of from 20 to 200 
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Fig. L--FrlDi?kp«ii irtljfllitlflii In UbIUmI 


miles in length, or even more, Eiitli miiHl lie ileHigned, buUl, ivutched, 
and maintuined individually, 

III the descriptioti that follows only a f«fw of the larger features 
ure iiicntionecl, and it must be Iwrne in mind that on most of the 
projects there are linndreds of miles of small illstributing ditches and 
thousands of minor works snth as farmers' heodgates and flumes, 
each of which is idn>ortant to some one man or group of men, but 


which fontiii merely a part of the highly eluhora-te syatoiii of control- 
ling, diverting, ond distributing the wnler. 

*4mown, Sttli liiver /'rcjycc#.—The principal feature of this project 
is a storage ilam at Roascft’flt, Ariz. (pL 3). creating a reservoir with 
an area of 25.5 square tnileit, Bitd a capacity of 1^184,000 acres of 1 foot 
in depth. The Koosevelt Dam is of riihhlo tnasonty ;j8U feet high, 
235 feet long on the Ijottom, and 1,080 ft^et long on top. Its purpose 
is to regulate the flow nf .Salt River, llTien needed fnr irrigation 
the w'atcr is allowed to flow down the river from the dam foi* 40 miles, 
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PL^TE 1. 


1 , Desert Covehed with SAatsnusH, iLLVSTRAtiwO OonCjition of Lahds BEFORE 

WATER 15 Applied. 



2 . l^iRiiSATEQ Valley After Saoeerl^sh Has B££m Removed and Water IhtroDuCED^ 
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Plate 2. 



K Tyhcal SE.rTL£Ji-5 HaME, Showing CwiuTtv*TEO*J FoLLOWi-Ha jRRioAtKUFt, 



2. alkau Flat+ Formerly VAUrAfiLt Farm, Mow RuihEb Because of Careless 

[RHlCATlOh. 
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ti'lipre it is tlivfrted hy means of the Gmuitc Reef Dam into two 
tniials, one *iii each side of the river. These oaiials earn* water by 
grii\'ity to about 170,000 acres of laml in the vicinity of PhoenL't and 
Mesa- The (Jrmiite Reef Dam U a rubble concrete weir feet high 
am) 1,100 feet long. The irrigalion ^stem iiiciLdes 3l>oiit 490 miles 
of canal, 

power canal above Roosev'ell Ditm alioiit 184 miles long, having 
a capacity of 2*2r> second-feel, has been constmcteil and used to de¬ 
velop 4,^ horsepower whicli has been used hy all the accessory 
plants inciilental to the work of con struct ion. On this line are tun¬ 
nels aggregiitinp a total longtU of 0,780 fed. A power house nml a 
tradsfornicr house have been conslriicted immediately liclow the dam, 
and the power developed is transmitted electrically about 80 miles 
down the valley, whero it will be used to pump water from under¬ 
ground sources to extend the irrigable are.! to about 50,000 acres of 
iiigli lands In the Gila Indian Rosemation and in Salt River Valley, 
and for drainagn purjxjscs, A largo amount of power will be avail¬ 
able for other pur]>osc 3 . A cement mill erected and oiieruted by the 
Government fumishetl the cement used in tlie construction work, tlie 
dnm alone reciuiring nhoiit 280,000 barrehs. 

The lands under this project sniTottnd Plioenix. the capital of the 
State- The general doralion is 1.000 to 1-300 feet above sea level; 
temperature, maxiniiim ISO*; minimum, 20®; mean, 70*; rninfull, 
3 to 10 inehc*. The watershed area is 0.2(50 squtire miles, with an 
additional fi,000 si|iiare miles on Verde River. The average annual 
rainfall on watershed hi fnitn 10 to 20 inches, and the estimated 
annual ruii-off of watershed b 804,000 acre-feet at Roosevelt Dam and 
5SU,000 acre-feel from the Verde. The duty of w ater is 4 acre-feet 
per anmuin 

The valkv soil is an alluvial deposit of great fertility and adapted 
to the cultivation of a wide variety of crops, including thoae of the 
teui[H‘mte and seiiiitropical zones. The public lands in the project 
have all Ikto filetl on. but there are many large holdings of private 
lands which must lnf isilhdivideil and stih] to actual settlers, as no 
water riglit can Iw sold for more than UK) acres luidcr tiie reclamation 

EK't. 

The Rouse veil Dnm is now completed^ ^nd ilie wmuinder of tlic 
project wil] proliubly be completed by the end of the 
Wijter m beiii^ funiished to tilxmt 131,000 acres of hind and this area 
will Ik? increEi^^Ml by several thoiisantl aci^ during each succeeding 
season. During 1010 the betit-sugBr industry has been proven a suc¬ 
cess in this valley^ netting the growers handsome retum.s even under 
advel^se tundUiuns, Funige and grain crops^ fruits^ and vegetables 
of nil kinds produce well and conituaiid higii prices In the local 
markets^ 
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Arhona-Califomiit^ r^wm Pr(tjf;ci-^Tli^ iliversion of the watei's 
of Colotiido KivcT mi-o cmiuls^ one on each si Jo of tho rivor^ 
is aecomplislicd by £ne4inEi of Lngniia Dunn u structure of tho TnJiun 
weir iyp^^ nUHit 10 miles northeast of Yuma, Ariz, This dum 
campleUHl in ^[jtidi* IWlh Ii b sdioiit Lli foot higU, 4;780 feel iongt 
und 3t>0 fi=!ri wide tip and dowri etrenm {pL L 1). By ii nniqno 
armiigt-iuont ut tile heiidgnlos of the can ft Is the wntere of this innd<ly 
stream jiro dniwn off companiitivdy elear+ TItc ilistrilngtkai system 
consists of IC^D of cniiaK A coinpkte system of leveoa wiili n 

length of 73 J miles has l^on eonstnicteil to protect the hot tom I a nils 
from overflow^ anil a |itimpiiig system wiJl be utilbsciJ ki remove the 
surplus waters from the lowdyLiig areas, 

On the Indian reservation on the California side of the river 173 
fanti units wei\‘ opened to entry nii March 1. liUOj and during ItHO 
many of the entry men deai*ed and h^veletl their farms, TJie cost 
of tlie water riglit iB$/>5i payable in noi niore than 10 annual install- 
nsenti^, with an annual charge of $i for iipenition rind niainteuance. 
There is also a charge of $10 as the price of the Indian lands^ payable 
lii not more than 10 annual installments^ 

The bottom lands comprise iT^fKlO tie res in the Yiinm Indian li&r-er- 
vatioii in Ciiliforniat 20,000 acres in the Gila River Valley Iti Ari¬ 
zona, and fi:i,000 acres in Culonido River Valley in Arizona. When 
the system k extendeil to include tlie rnesa or table kndjs srnith of 
Yuma and cast of the Ijottom lands in Arizimaj nbnijt -ItJ.OiXl acres 
of practically frost less land will la? available for the ctLltivaticiJi of 
oranges* lemoms, gra|>efruit, limes, olives, %'egetftbles^ etc. 

The soil of the lowlands is a rich, iiLUivlal dei>nsit and produces 
very hea>w crops wlien water is applied* Alfalfa, giuins, vegetiiblea, 
sugar beets, uiits* useloiis, fruita* cotton^ i!ane, corn, etc., are growiu 

The watershed area k 1&0,0(X> square miLes and the estimnttHl nn- 
nual run-olT is 15,400,000 acre-feet. The lands lie at an elevation of 
100 to 300 feet above sea leveb and the temperature ranges fmm 22"^ 
to IIS"^ above zero. 

Calif&mioj Orhnd projecL —^The reclamation of 14.000 acres of 
laud lying al)out DO miles north of Sacramento is ijivolved in Hi is 
project, Tlic lands when watered ore fertile, although their use for 
m&ny years for wheat growing has dcleriomted them for ordinary 
affricultiire. Tho soil is a gravelly loam, and with iri'igalion and 
the prevailing climatic condltlonH it has l>een demonstrated that the 
land is for the production of alfalfa, riut-H, including the 

Himond and EnglUli walmit^ and both citnis and deciduous fruits. 
The geiienil elevation is from 175 to 380 feet iibove sea level? the 
tem|x?ratnre, maximimit mininiiiin, 20®; average atitiunl rain- 

ftill on the irrigable lands, IT inches* The duty of water is 3 to 34 
sere-feel fjcr annum. The watershed area Is 7D0 square mile?^ The 
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PUATil 3. 



1+ HCWSCVELT Dam, AAI20MA. AT THE TIME OF THE DeOICATK>N BV EX-PHEVIDENT 
BOOSCVE1.T, MAHtH, I9n, 



2. Roa$ESfELT OaMk Umkiwa Downstream. 







SiipOT^. iffllO.— 


pL*>Tt 4. 




1. UG'JJ»* dam oh CflLMAWJ Rtves, LKJKIHO from NCAB 

Gj^UFORNIA SiOE AlQNQ tHB A XI* OF THE Dam TD AHIIONA. 


fli fart Park Dam qh 0n4Anp PnajetT, Califohwa- Concaete Structure fcw 
^ RE&ULATiiiP Floods. 
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aveKiffe Btinual miiiftill on thu watersh<sd U S3 inclnss, and Ibo 
fuitted nnnnal ruii-off on ivator^ilieil 543,000 acre-fMt. 

Tile en|rtinHTin^ fcatiirfti roniiist of a siioriige reservnir ponlroUed 
by the Kust Talk Dam on Htony Creek, at a lioiiit uliout 40 miles 
utjovc Orlaiul (pL 1. S), ami a diversion dam situated «l Miller 

Ihittcs for tui'uinp wulcr into two ran sis, one on each side of the 
cMHfk, covering lands in tlie vicinity of Orluiid, The stonigo dam is 
of concrete tiia.sunrv. gravity section. 13“) feet high from bedrock, CO 
feet long on the iN^ttom and 250 f«t long on top. Tl»e raiial sys¬ 
tem iTicludcs 33 miles of niain canal and SO miles of lalmihi. I lie 
farmers arc pledged to dispose of their holdings in excess (tf 1<10 
acres to bona 6de settlers under the tcriiw of the rerJamnOon act. 

Coiorado, Valley /^rajeef.—This is planned to irrigate alioiit 

53,00t) acres of land in Mesa County, Colo. The work involves the 
roust met ion of a diver,sion dam in Grand itiver, alwnt tiO miles of 
main camd, with a series of short, tunnels on the bret few miles of 
canal having an aggregate length of about 20,000 feet. It is probable 
that considers)ble power will be developed at diMps in the canal, and 
used to pump water to elevations above tbe main canal. 

The !i vernge clei'ation of the iri'igsibie area is 4,700 feet alsove sea 
level; the temperature ranges from 15’ Iwlow to 100® above stero, and 
the rainfsdl on the irrigable area is from 0 to H incliea annually* 
The walei^ihed area is 8,330 S(|uure niilaj* 

The iJoil is largtdy red juraa sand, Vilavk liottom sandy loam, and 
ndsilKr. The apple stud iit'anh orrhiirtJa of tlte Grand Valley liottom 
lands are famous, the cropis sismetimes selling' for more than $1,000 
per acre {ter annum. Straw berri es a nd ca titaloii [xs n re nsusiUy grttwn 
la'Lween the town while the orchards tire glowing, also jHttaloes and 
(itlier vegetablesj alfalfa and sugar liects arc also groivn, 

Celomtlo, Valley PeojeeL —Mere tbo waters of Gun¬ 

nison Itiver are diverted by means of a tunnel 30.W3 ft^et iti length, 
ctxi^ section 10 by 11 feet, cement linetl, with a rapacity of 1.300 
second-feet. The tunnel passes through the mouniaitis to l^ncom- 
pahgre Vnllcv, where its water is used to supplement the local sup- 
pi v and extend the irrigable area to about IIO.OOO acres of land. The 
tunnel was commenced in luDJ and carried water in 1010, There are 
330 miles of canals in the distributing system. 

The lands to lx ii-rigatetl in Jlontrose and Delta Counties have a 
general elevation of 5.0tiy to 0,400 feel above sea level and tlie temper¬ 
ature ranges from 30" Ixlow to 08* above zero, 'llio watershed area 
ta4,.‘)li0 mpiiira miles, ami the estimated run-otT of watershed is 1,010,- 
000 aern.feft. The niinfall on the irrigable area is from 0 to 12 
indies, and the rainfall oil the watershed ranges from 7 to 20 inches. 

The lands for which water is now available are mainly in private 
ownership. The farm nnit varies from 40 to 80 acres, and the duty 
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of w!it<?r is J nvv^fi^i |i<?r linniiui at thi^ fiirnii A twin t fi0,{K}0 iicrcs 
are .Huitablo for rHi^ingr ami penclips, Orcliiinl luniis;* protlucu 

as high a:i ?500 p^r ncre m the- veil ley. The bottom eomprbiikg 
from S0,00f^ to 1>0,IKM> iicres^ are adapted to the growing of alfalfa 
and sugar beets. 

/rfuAo, I^oise pmJcct.^WlM^n fully developed the Boise project 
will reclaim approximately 24!i+000 aercs and will suppleiuent Lhe 
supply for about 7i^,000 aei'es of land in the fertile valleys of the 
Boise and Snake Bivers in southwestern Idaho, The general ele¬ 
vation if? 2,500 feet almve sea level, and the temperatuie ranges from 
beloAT to lOT"^ aliove rero. The thermometer rarely rearhes aero, 
however^ and frcetlnm from wind marks the winter months^ llie 
summers arelongt sunshiny, ami warm, and with irrigation promote 
the most rapid vt^ctable growth. The soil is largely of volciinic 
origin, free from rocks, easily w'orkcNil, and rich in the necessary 
tiiineral oonstitucnts;, ’With rotation of ci'op.s and the udiiition of 
vegetable mold it become^ verj* [productive. 

Farms in a good fftatc of eiiltivation produce to S tons of alfalfa 
per aciT^ in Llirt-e cut Lings, 2 to ^ toni4 of clover, 50 bushels of w-heatn, 
and T5 bushels of ossts. After tiie last cutting the fields furnish 
pasturage. Both clover and alfalfa seed yield good crops. Apples, 
prunes, and sniBil fruits produce well and are shippe<1 in quantities 
to eastern mnrketfH Sugnr-I>eet culture is also profiUible. 

Storage resen-oirs on the headwaters of the Boise River are 
necessary and are being built. A diveraiou dam (pL 6. fig. 1) has 
been completed on Boise River, S miles above Boise, diverting water 
into a canal irrigating land^ under it and supplying Deer Flat iTser- 
voir in the vicinity of Ntmipa, which has a capacity of 186,000 acre- 
feet* The watcrslicd an^a of the Bruse River is 2,fil0 i^iiare miles; 
the average annual rainfall on wsdersiied is 2.“! inches, and the 
estimated iinnual run-off of watershed is 2A^^i000 acre-feet. The 
average rainfAll ou the imgabloiirea is I:i.7 inches. 

Mifildoka proj^tyf . — Tlie irrigablo area under the Mini¬ 
doka project consists of about Th^TOO acres under a gravity system 
and 4St000 acres under a pumping system. The lauds lie ou Ixitli 
sides of Snake River, iu the ^iitlHirn part of Idaho, in Lincoln iind 
Ca^^ia Counties.. 

Tlie W'nrks include a diversitm, [jower, and storage dam on Snake 
River at ii point al>oiit fi miles south of Minidoka, Idaho, and two 
canal systems (pi. 5^ fig, 2)^ one on each side of the river, lieadbig at 
the diversion dam and covei-ing Innds in the vicinity of Acef|uia, 
Rupert, Ileybum. and Burley. Powder is develojwd at the diversion 
dam for generating electrical encrg>' for pumping water to land-^ on 
the eoulli side of the river too higli to be readied by u gravity syatenu 
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PLATE 5. 


U P»Ef|Tri40 Pam in &DISE RrVElIp KDAKO. 



2. Maw No^thside CakaL, Minidcika Project, Emnos TrPi&At, OF the Largeh Inni- 
QATM3H Canals, with Power TRAkaMisstON lines Located on tme Bawk. 











PlATfi 6- 



I, PtaBTlOH OF ReCUdMCO DtEERT, SMO^LkO QwnKS R*I3£D FOM SEED ON TmE HyKTLET 
Project. Montana Formealit Part of the Cj^ow Indian fltSERVATiok. 



Crop of Alfalfa on Sun Ri^ep Pi^oject* lVTo«TAHAi on Lands OfliaiNALLT De^flTr 
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Tlitt flrnii hn-s n hinglit of 8(! ftet and a leiigtli of T3fi font and is of Ike 
earth and rtytk fill type. It kna n if[iilhvay feet long. The 

(listrlliLtlion systems ineludo olS iiiilea of rannls. The power and 
ttaosniiasion lines will have a length of from 13 to 20 miles. 

The soil is snlidy loam and voh-nnic nsli fairly fn-e from alkali, 
and ejtceedingly fertile. The sandy soil is particiihirly ndapted to 
the raising of olfnlfa, potatoes, beet niid other root ei’ops, as well 
as melons, stmwlierries, etc. It is also especially adapted to the 
cultivation of giignr heet^i. 

The gener:il elevation is 4,200 feet nljove sen level. There is an 
ample water siij^ply, 7’lie watershed nreu is square miles, ami 

tbo estimateil atmiinl run-off i-'i ft.OttO.OOO acre-feet. The average 
animal riiijifnl! on llie ii-rigahle aiiea is It inches. 

The cost of ivater riglit is $22 ami $.30 per acre, payable in 10 
annual imstaHiuents, and the oiiemti™ and nmintenan- e cliarp for 
Itno waft 7o cents i»i' neie for the gravity system. The hiiildiiig, 
operation, and maintenance ehiirges for the higli areas to which water 
must bo pumped have not lieen fixed. 

fffirffen City pro/cr/.—7’Iiis project consists of n pumping 
system for the recovery of underground waters, which are delivered 
Into 11 conduit leading to a distributing canal known as “The Farm¬ 
er's Ditch.*’ The plant consists of 2:3 small pumping stations, each 
operaloil eleclriciilly from a eciilTiil power station. Tliero are lO,- 
fiT7 aci-es of irrlgnbie land lying in tlw vicinity of Garden City on the 
north side of .Arkansas Itiver. The soil is a rich prairie iosim capa¬ 
ble of high niltivatlon and adapted to the raising of grain, sugar 
beets, fantulonpes, alfalfa, and other crops of the platriii iiigion. Tin; 
average clevutinn of the area under this prcijcct is 2,P2S feet, and the 
tcmperotufc ranges from 20’^ below to 105“ above zero. Tlie water- 
riglit chfirgt! ift S|!,37.50 |)er dcrx' of irrigable land, and the farmers ate 
al.‘^ iwjuirw] to [wiy an annual rnaintenanoa and ojieration fee which 
lit preisent amoimtii to $2,75 per acre. The project has not been a 
success liecamw of tlie fuiliire of the fanners to wonoiniciilly use the 
rnliitlvcly ex pen si ve water. 

Miudimfi, t proJiirt.—Tiih was planned for the reclamation 

of 50.0CH) acres of laud lu the fllackfeot Indian Resciwation. Mont., 
and the ultimate iccluiiiaiioii of l31J.nnf) acres lot ill under five pro¬ 
posed cfirmls. Thu first con^druction involves the diversion of water 
fioiii tlie left liank of Two Medicine River immediately Iwlnw the 
eonfluetict: of Idttle Raiigcr Creek and carrying this to lands In the 
ca.st-pentral portion of the reservnlion, eoKt of llie town of Cut Biiiik. 
Thesc lie at an elevation of approximately 3,850 feet, and the tern peni- 
turu ranges from 40“ lielow sicro to 100“ above. The soil is a sandy 
loam, prfHliieing iiltuiKlantly with siillicirnt moi.stiire. the nvpmgc 
rainftU is tibout 16 inches, but varying luaterially. Some hay and 
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gmin and excdlenl pasUiragm are produced without irrigaiioiu The 
mam cana] and a portion of Lhe disitributioii of the Two Medi- 

cino untt were the firsl completed. 

pi^&jacL —Irri^tioii work^ for the Imid JilUit- 
Ick] io the Indian^ and for eucb Additional landi^ may lie Q|)eticcl to 
entry are being cortstriifteil on die Flatheiifl Indian l^eserviition in 
I^tontnnLi. Upw^ard of iriO^XK) aciTs will Ik? covered by the eight 
prineipol canaln mid s^^voral minor siyatems- CoiikI ruction work tias 
l>een in progress lo cover three iinits—Lhc ilcfcko unit, eoinprising 
sicre^; tliu Poison unit, 3^000 iicres; and the Misj^ion unit* 0*0(>0 
acres The eatinls for the JtK^ko Jiortli unit liuve lK?cn com- 
pletetl^ iilso for acldilioiiiil ucjres on the J<kiIco south ajiie iittii 
and for the Million unit of thCXX) acres. Tlie alloUiients of lands to 
the IndJanB have lieen made and the remaining lands, which may bo 
irrigated from the ainala Iwing constructed primarily for the Indbri 
allotments, have been entercch 

The average ekviition uf the land is about feet alx>vo sea levcb 
IIml the teiu|KirAture ranges from 30* lielow ^ro to l>ti^ above. The 
soil is chiy., forest Ifni 111 , and gravelly loam* and fair cro])s of hay, 
grain, and fruits are usually prod need withonl irrigaiinn* the average 
annual rainfall lH?iiig nlK>ul 15 inches. With iiTigiiLioii, alfalfa and 
all kinds of grains, vegetables^ and fruits in variety iiectiliar io ilns 
altitude arc procluccHl in n Inin dance. 

Zfiiw/fey pr&j^cf ,—About 30,000 Ren's of irrigable Imid, 
IcKMtled along the south side of Yellowstone Rivor^ have been re¬ 
claimed, these being fornicrly a part of the cedtfd strip of tlie Crovr 
Indian Eesen'Hiion. Settlers nre nK|uircd to pay §-1 per acre to the 
Indians—$1 at ihe time of entri' «n<l T5 cents annually for four 
years* beginning with the second year* In addition to this the flov- 
emmont charges the settler the cost of building the irrigation works^ 
which is tJGO |jer acre, payable S3 per acre |>cr aniiimi for 10 years* 
A further annual charge of fiO cents per acre for operution and main¬ 
tenance h made. 

llie general Klcvaiion of this part of Montana is G.OOO feet above 
sea level; its cUmnte is mild and the soil, varying from light sandy 
loam to Imtvy cky, pmdrices iibiindanl crops when properly wa¬ 
fer c<l. The [>rincipal pnalticts are alfalfa, forage, cereab^ sugar 
heets^ vcgctablw^ apples, and small fruits. The farm units vary 
from 40 to ITO acres, depending upon location, and average 10 acres 
of jirigiible land. The irrigated iand in this vicinity ^sclls from S75 
to $200 per acre, acw^rding io thostnto of ctiltivation and the crops 
grown. 

The engineering work^i consist of a system of canitk having a 
length of 26?^.5 miles, ilelivrring water to each farm. I'he head- 
worksj culverUj ond otber strucLurcs are of reinforced concrete aiicl 
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tbil rhrec! tunii&k Avltli an ap^^rc^itc kng^th «f 2.Eiri4 feet ure lineal ^vith 
cenietit. The pumping plant near Ba]lnntii]i.'! h a novel feaivire, as 
the tlmp of wrrter fn:im the main eanal h maile to lift n jiortion of 
the water to a higher level to aupp!}" the lii^h-Jitie ratiaL TliiH b 
acconiplisliecl by naeang of vertical tiirlnite:^ aliJ centrifugal juiin[Wi 
moiiiited on the same shaft, and ihe o|iieratjoii is tieurly aittonuLtic^ 
Rieer projcf^t ,—It Is poi^ibln to reck ini aljout 
*248,00(1 acres of land in the Milii Kiver A’alley Isetwcen Chinook uiid 
Glasgow, bi Chouteau arKl Valley CoaiitiesN Monf.^ of which about 
50 |>er cent is piibUc hmcL The average elevatLon is 2.2f>0 feet above 
Hpn. level and the teui]jerature varies from 4rv^ tkelow zero to 100 ■ 
iiijus^e. The suil la well adiLpted tri ilm raising of hay* gmiJi, vege¬ 
tables, alfalfa^ faigar twets^ and other prfsdiicUi of the north temperate 
zone* The Dtrilsoii Dam Oh Milk Uiver has k?eri completed Rtnl water 
is being div'erie^i into the tmials un eaeti aide of the Hver^ the j^utli 
can a] taking water to about 10,000 acres^ covaring lands extending 
from DoilsHin to Kelson Ijake lleservoir* From hetx* it is especteil 
to construct [mother canal to cover lands toward GkAgow\ 

In addition to tho ortHnary discliarge of Jfilk lliver the water 
tupplj will be supplomenteid from St, ilaiy T^ake. The discharge of 
St, Sfary Jbisin will l>e stored and conducted by a canal 25 miles 
rtcross the divide to the lieadwalerB of ililk River. The engineering 
features involve stonige and several diversion damsj Hft miles of 
main canal, mid an exteniiive lateral system* 

Sta* River Tlie lands are lot‘ftted in Teton* 

lAJwis and Chirk, Chouteau, and Cascude Counties, uhoiit 25 miles 
from Great Falls. Sun River Vfdicy k aknit TO miles long and 
fruiu 1 to 5 miles wide. The ultiinatq. doveiupment of the project 
inejudps the reel il mat ion of 2TlK0tKl acres of land. A compact Iwdy 
ift m.fKKj iicrws knoivu as the Foil- Shaw untt, has been opened to 
entry and mpiillj settleib 

The principal crops nre iilfiHfa, liny, grairi, vcgefaldc^. and sugar 
lieets. The geuei'nl ole^Mtioii b 'A^7o6 feet nlx>ve sea levtd, and the 
temperature ranges from below zero to aljove /^ro. Fine 
grazing lands sunxiuiKl Die project* The fnnn units vary from 40 
to 100 acres of landp Wherever practicable, ir tract of grasdng land 
b included in tlie farm unit. 

The %vatcrshef] area ennsista of 850 apiaro miles on Son Iliver nnil 
iiLlO "^qijiire tiiilcs ou Deep Creekj and the Ci^timated atmual run-ntl 
b about TtX),000 acre-feet. The average unniiial niinfiill on tlie 
Irrigable urea is 12 indies. 

Farms under this project ore uhtainable under the homestead law* 
subject to the charge for water of $30 per acre of irrigable Jand in 
not more than 10 annual installments. At preseru the operation and 
mamtetiatice chaqjc k 50 cents per acre [jer aiiuutuj und the sum uf 
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per ucre is due Miid puyiible nt the time nf niEikirijr rriLry. An 
interesting feature in connetliun wUh thit^ project is the estobliHh- 
ment of vi linger everj" S mi lest* In comiectiori wiih the Fort Shuw 
unit alraidy opened Ihc vilhigcs of Fort Shiiw find Siinnishave tjeen 
estflhli^hed- 

Sfontiinij-Aorlh Daki^fa^ TeHotcatone proJi^cL —^Water hs 

diverted fruin Yellowstone River at a fM>int IS miles norlhenst of 
LilendiveT llont^t and will iiUiniately irrigate ulmut <>r>*000 acres of 
land, for 4S^0t)0 acres of whirh tlic works Jiavc completed and 

tlie water is now avinhible^ Two-ihinls of the lancls to lnj irrigated 
iin* in Montana* the balance in North !^nkota, 

Yhegcnei-al elevation Is l/4(X? ft^d above sea levelj and the tefn{>er- 
nture ranges frt>ni Ix^low to 100* oljove The soil is a deep 

ijiindy^ loaiTit fsasy to rilltivote. Alfulfa^ the great forage crojj of the 
We.st^ ivi especially adaptetl to t!ic soil and climate. Smalt grains are 
raised wUh succe^-^ and it is Ijelicycd that sugar Wets will Ih^ a pr<ilit- 
able crop. The average rainfall b HI inches, Surrounding the proj¬ 
ect iii one of tho hirgc^-l and twsL grazing urea.s in ihc ITnited States, 
providing a fine range, for vast innnbi'rs of cattle and slicep. An 
abundance of lignite for fuel Lh fuuml tlirotighcmt ibb seclion. 

The principal engineering features consist of a diversion dam on 
Yeilowstoni' River 1:2 feet high and 70C} feet long, 2r>li* miles of canals, 
und the development of iilHl ]iori^ix>vYer. 

A-gbnwhi-^VyomJn^^ Xortk n&lte pmject —This is about 100 iidles 
nortli of Oieyomie^ "Wyo., extends along the North Platte River, and 
includes alwiit 129^000 acre.*?. Tlie average elevation b -t^OO feet abjvc 
sea leveL and the temperature ranges from 25"^ Ifdaw li> 100"' above 
zero, llie average oniiual rainfall on the irrigalde urea is al>out 15 
inches. The soil b a ^andy lonnij quite free from ulkali^ niid rcf^uir- 
ing 24 acre-feet of water per apre per annum. jiJfalfa is the prin¬ 
cipal crtip, bnt ocrealSj sugar W"etSp and potatoes are successfully 
grtjwn. Excellent range country ixmJer^i the iiTigable laiub tn 
Wyoming. 

The farm unit has hren fiXMl at SO acres, nnd ihe building charge 
is per acre. The watcrsbefl area is 12.000 square tiiiles^ iiiul the 
estimated annual mn-ofT of waiiu^hcd at Pathfinder Dam b 1*3X0,000 
acre-feet. The principal cJigiticering features coiisbi of a storage 
dam forming what is known as the Ihiihlinder rei4en"qir on tlie North 
Platte Riverj about aO miles southwest of Casper* Wyo„ a diversion 
dam 150 miles down the river at Whulciu Wj'o. (pi. T. fig. 1)^ and die 
interstate caniih 150 miles long. Total length of cannk 598 miles. 
The Pathfinder Dam is a concrete rubble masonry arch 918 feet high 
and 432 ftret long on top. It is coni[iktet| and tlie reservoir has a 
capacity of 1,025,000 acre-feet. Tlie lilverHion dam at TiVhalcn b a 
reenforced concrete weir 23 feet high and 300 feet long, A diversiim 
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dam is also plimiM'd to bo constructed at Omjrnwy, yo., for divert¬ 
ing water into u canal to coror Innda in Gosho-U Hole, m eastern 
Wyoming and werfeni Kcbraekn, wUich are now witlidrawn from 

Tnickcs Carton Tbis work in weatem Xevada 

is Ineided in CImtt'liill. Lyon, and Storey Comities. The h^-t unit 
was opi-nod in 1001, and lands arc now subject to homestead entry. 

1,1 addition to the land office filing fee encli settler la reijuiml to paj 
^ iier acre annually for Ut years, witlioui interest on defermJ pay¬ 
ments. An anmmrmaintenance fee- of 00 cents [tfr acre is chared 
in addition. Tlie dr^t paymi-iit of per acre must Ixs paid at the 
Lime i>f tiliJie liiiiri. The fanii unit in 

A daui hail been built on Truckee River, near Wadsworth, to turn 
the Sow of tlte stream into a caiifll 31 miles long (pi. H. fig. 1), which 
carries the wateni to Catson River. Hei e a diversion dam turns tim 
waters as needed into two iimin canals. The Uret unit of this project 
includes more than 000 miles of canals and laterals. 50,000 feet of 
dikes, find the dams oti the Tnickee and Carson Rivers. The project 
in its entirety will irrigate abmit 200,000 uci-es of land and will in¬ 
volve the construction of sovenil sUirugp reservoirs und the develop¬ 
ment of power. , 11 '. 

The climate in ihis valley is mild: the elevation almvc sea^leyel js 

alKiiit 4,000 feel, and the teniperetune rangi« from zero t« lOn above. 

It is so dn\ however, that the extremes, which seldom occur, are not 
iinurions.' The average rainfall on the irrigable area is i inches pt«c 
minuni. The soil is loam and volcmdc ash, recpiiring 3 acrc-feet of 
water i>er annum for each acre. The valley will produce tlie varie¬ 
ties of crops grewu jn the imrili temi>erato zone. Alfalfii, heat, 
harlev, and oats gnrw liixiiriftntly. and corn is also profitable.^ o a- 
tocs and jjmrden vegetables do well andrfnd .-v ready market iti the 

near-by mining towiui. ■ u i, ' 

The waterslieil area Is 3,450 sfjuare miles, the animal rainfall on 
tlie waterslwd 25 inches, und Ilia esiimated run-off 1,000,000 acre-frej, 

*Vew .l/extro, CarM^of j?rr>;arf.—Tlie principal works here include 
the iwonstnictioii of canals and storage reservoirs on Pecos River, in 
Eddv t’oimtv, built to irrigate about 20,000 acres of land. Th^ 
land; are in'private ownereliip, but several thou^nd acres are in¬ 
cluded in excess holdings. The price of these lamU vanes fmm b-0 
to ¥00 per acre. Tlie cost of water right ia ¥31 i*er acre, paya e m 
10 annual in-stallnients, and the annual maintenance and operation 
fw' is $1.35 p«r iicre* 

The genenil elcvution is 3,100 feet above sea level, and Ihe tenipeni- 
tnre ranges from zero to 110“ above. The soil is light an -’ 

The principal crops in the valley are i>cacliea, pears, ‘VPPl^'-'h 
small fruits, alfalfa, cotton, sweet potatoes, celery, and gar on rue . 


X!)2 ANJfUALi HETOUT lXffI"ITT'TIE IHIO, 

Fckldoiv (Hjm, csne, uml milo mftiae pniiluce guoil ciops. fitoek niis- 
iiip is profitable, owing to the e-XtenHivu ningt lamLs on tlic cast imd 

aLs Jfcvico, /iorido A reservoir liiis bwn l*uitt for tlie 

storage of ilic flood watei's from the Hondo Kiver, tt trribiilury of ilie 
PecoG, to irrigate 10,000 acres of liind in Chaii'es Cnuiitr n(*ftr Ros^ 
well. ' The general elevation Is a^IftO feet above sea level. The soil 
requin?ii nlwnt acre-feet of water |5cr animiu. Alfalfa, corn, fruits, 
and i-egetabU-s prodneo abimdanlly when propiwly watered. 

^ev; .Vert^o-Tcxm, Uio GrciHilc pra;r?cf.—lliis inleriiational proj¬ 
ect includes the reclamatioii (»f 18r>,0(10 aercH of land, llJj,OflO of 
which are in New Alexico, 45,000 in TexiiK, and 11.5,000 in Mexico, 
whiiJi are provided for by the treaty procliiiraed .laniiary 10, 1007. 

The Iicasburg Dam (pi. 8, fig. 2) fur the first unit of the Ui« 
Grande project is coinplctwL diverting water for '2o,«l0 acres in 
^[esilla Valley. It k of waicretc, 000 feet long, wiih shiice ami head 
gates. Froni the diverHioti dam 0 miles of canal Wi^ra const meted 
to connect with ihe nhl IJiS: Cniees Fanal. 

Tlie Engle Jlain, which Ls planner! l>e ctin»trt<eieil across the Kiu 
Grande, opposite Engle, w ill he riihblo concrete ^fiivity ly[>e, 205 feet 
high, 1,-180 feet long on top, and will cit'atc a ri!servf>lr 100 feet deep 
at its lower end and 45 miles long with a storage capacity of 2/*38,O0O 
acre-feet. It'ork is being proseented rapidly. 

The general elevation is 3,700 feet aljovc sea level, anil the temiwra- 
tiirc ranges from xero to 100° above. Hie average iiiiivmil rainfall on 
the irrigable area is 0.5 indnw. The soil retpiii’cs dlmiit 2^ acre-fret 
of water ]icr acre ikt annnm. It protluces abunilant crops when .suffi¬ 
cient water is applicil, the principal piutlnck Ijeing alfalfa, com, 
fruit, vegetables, and melons. 

The watershed area ib^»7,0(KP square miles and the' estimated 
atmual rnn-off is StrO.OOO aere-feet. 

.Vorf A Z><rA*ot« p«Hi/n'ng ptvjcctit, —On accniuit of the sUght fall of 
Missotiri River gravity canals were not feasible, and pumping was 
rtwrted to with power geiienitcd with lignite read, deposits of which 
arc fmmd in this vicinity on Government land. Tlie power plant is 
located near one of the coal oiilcrops, the fuel being mined and 
delivered by gravity to t!iv boilers. 'I'lie power k converted to elec¬ 
tricity and transmitted to the varioiu, ptnnping stations, SOinC of 
which are 28 miles di-Stmit. < Jn account of the nnstalile character of 
the river banks the pumps hove bi'en plctred on fioatiiig barges con¬ 
nected to Uio sliOTO by llesihle pipes!. The w ater is [iiiriipecl to set¬ 
tling basins fivim which canals carrj* it over the lands. 

The Williston unit indutlcs nlmut 8,000 acm of bench and valley 
larnk surrounding Williston. but the system may he enlaiged to 
cover 12,000 acira. The general ckvatioti ia 1,8T5 feet above sea level. 
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und the lemperflture from 45* b^ow to 101® above zero. The 

i^il of the bottOR} Inrid$ Ls ii heavy day: but the beoch lands are a 
rich EiOiidy loaui^ requiring 2 acre-feet of water per acre per oimiim. 
The principal crops grown are wheats and oats. ^Ufalfa is 
profitjshly grown for winter feed, and sugnr beets are likely to become 
an important crop. Small fruits do well, and dairy farms and mar- 
bet gardens are needed. 

The building charge cm this project has been fixed at per aero 
of irrigable land, payable in not more than 10 annual instaDments, 
each not less Uifln $^J0 per acre* ,\n additional atmiial diarge of 
TO srent^ per acre is also required for operation and maintenaiicOj and 
50 cents per acre-foot of water actually pimiped and, delivered for 
irrigation in any one yean 

The Buford-Trenton area embraces about 12^500 acres of bench 
and bottom lands bortlering the north bank of the river for about 
20 miles east of the Montana-^Xortli Dakota State line, and lying 
along the Great Xorthem Eailroad. Water is now available for 
4,000 acriw. Power for the pumps on this project is developetl at 
the main power station at Will is ton and is transmitted electrically 
over a transmisi^mn line 28 miles long. 

Umatilla pr^JecL-^Thh Is located 190 miles cast of Port¬ 
land, Oreg., ill UniatilLa County, and contains about 25,000 acres of 
irrigable land bordering upon Columbia Eiver along Umatilla River. 

The engineering worfe include a stonige i^crvoir having a ca- 
pjicity of 50,000 acre-fcet| supplied wUh AocmI water by nn inlet 
canal from the Umatilla River (pL 9, fig. 1). There are 138 miles of 
distributing caniilsL Tlic farm unit on public lands is limited to 40 
acres^ and the inujorily of farms arc 10 to 20 aerts in liTca. The total 
liuilcling chaige is 1^30 jier aere^ uiul the annual operutiou and inamte- 
Dsiice at present is $1.30 per aero. The laud to \k irngated all lies at 
an average elevation of 4T0 feet above level. Climatic eonditiomf. 
are favonible Uyr the early ripening and markedug of imall fruits^ 
for whiidi Lhr soil is especially Buited, us well a-h for the raising of 
all kinds of deciduous fniits. .-Vlfalfa is prufilably grown, hut the 
land is too valuable for pasture crops. Xot only b the land fertile 
in II high degree, and the dimate such as^ will pirnit of the raising 
of high-priced crops, but the ImnsportatiGn facilities are of the best. 

The watershed area is 1,^510 square miles, the average rainfall cn 
watershed is 20 inches, and the estimated annual run-off 530,000 atre- 
feet. Tlie. awnige annual rainfall on the irrigable area is 9 inches, 

Oreffaj^Califon^a^ Klamuth prefjecL —This differs from the other 
undertaking? in that there has already lateen provided by nature a 
large storage re^rvoir, the Upper Kliimatli I^ike in Oregon, situ¬ 
ated at nn altitude above that of most of the irrigable land^ Water 
DiStS'*—au 1010 — ^13 
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ia Inkcn from this l>y jii(>riis of d timiipl (pi. 9, fi/r. 3) thiioiifjli » low 
nitigi- of hilln mid riirried out by jn^ivity to thf fertile urens sur- 
ruiitiding the lakes Ijnnj? nt lower nl tit tide, Tlie ennuis niuy be ex* 
tended into iiwas in the tjorlliem end of rnliforiiiii. 

The lower lakes or marshes an supplied in part by wstera nrlgi* 
nntiTt^r in California, which flcvw northerly into Oregon. By storing 
tlio floods near the headwaters the® lower lakes may lie i-pluced 
in nren mid the nvflilflble litiids thus imcovensl may he Irrigated 
hy the wnters from Upfier Klnmnth Lake. Tlie project has ninny 
rotilifimtions, ivaters denied from Oregon Iwing used to irrigate 
lands in Culifomia, and ’viee v^t^. The first unit of approxiinntely 
30,000 acres has been placed under irrigatiou at u cost of $il) iier 
sere. 

The gBiieral eleration of the irrigable area is 4J00 feet above sea 
level. Tlie tempemtim' ranges fmm S'* below »ero to 100''-' above. 
'ITie soil is excettiingly fertile, Iwiiig det:omposcd basalt mingled wilb 
Inke-boltom depositii, Tlie duty of water is 1.8 aere-feet per acre jkw 
imnum. The principal crops grown are nlfulfa. wheat, onts^, hurley, 
rve. vegetables^, and some deciduous fruiis:; potatoes are an Iniportnnt 
ri-op. Tlie climate is especially adapted to dairying and stock rais* 
Ing, and forage croiifl grow to pei-fecf ion. 

The entire wuteralicd area is 3,(00 square miles, and the estimated 
run-off i!, 124,000 am‘-feet. The annual average rainfall on the 
w'otershed area h 20 inches, but the rainfall on the irrigable area is 
only 10 inches. 

S(fifth Dakota, Beth Frntrche —Tiie engineering work on 

tliis project has resulted in the construction of one of tiie largest 
e,irth embankments in the cmintry, built in a depression occupied by 
Owl Creek. Tt L« IIK fitd high, 20 feet wide on top, and tnoi-e tlinn a 
mile long (pi. 10, fig, 2). the resenoir thus cn-ated will tie filled 
ivith water bv an inlet canal (pi. 10, fig. 1) from the Bulle Fourche 
Kii-cr and will be the larg^ lake in the State. The watershed m^a 
is 4.2T0 square miles, the average annual mitifftll oft watershed 20 to 
30 inches, and the estimated imnnai nm-uff 3fi3,000 acie-fcet. 

When ecaiijilcted this project will reclaim about 100,000 oeres of 
land lying norfh and northeast of the Black Hills. ater is now 
nvwilable for alwiit 4T,t»0 acres. The farm unit ou public lands is 
acres, e.vcept nithin 2 miles of townaites, where it is 40 acres. 
Settlers are required to pay n building rburge of ^0 per acre and an 
annual charge of 4t> cents per acre for operation and maintenance. 

ITie average elevation is 2^00 feet above sea level. The climate is 
delightful, with little snow in winter, the temf^™*!'™ ranpug from 
20* Iwlow to above Kcro. As in other parts of the arid region, 
the setisiblc tcmpertitimc does not vary as widely owing to the dirness 
of the atmosphere. Fruits, sucli ns apples, cherries, pluiuii, tuid small 




PLATE 9. 



1* EahTH OAM PORULItCi CqLD SPRINGS RMEHVDlft, UMATILLA. PlKwECTp 



2. ConchetE'LIMED Canal anq Tohmel Taking Water fhqw Upfea Klamath Lake, 

Oregon, 




















PlATn ^0. 




a. EaSTTmEM Dam ^OH DwU QREEK RESERVOIR, BeU-E FQyftQHE Paoj^CT^ ^OTH Da^qTA- 













BF-rUlMATTOS OF ARID LASDS—SKWEU* 


195 


fruits, do well, eaptciallT on the lilgher pi^rtiong of thp project dcbt 
the Uiiffs, RJid potatoes can he raised on tho side of the river, 

where Uie soil iw tuora sandy. The miiin crop, however, is nlfnlfa 
and native hay for use as winter feed, tho great jiwmb^ of cattle and 
sheep summer piiatnred on the open rung® surrounding the prnjeet 
creating ii demand for alfalfa. The fruits and vegetohles raised on 
the ]iro]ect ore sold to the mining caniiKJ in the Black Hills. 

1’ta.k^ Vtilhij firojecit —^This proriJes for the irrigation 

of nbout 00,000 RCE®H of land in I’tah and Wasntrii Cotmtiea, on the 
eastern shora of l.tah Linke> Tlio o'iitep supply will be obtaiiiid 
from 0 storage reservoir to be built in fcitiiiwljerry Valley, about 30 
iitilesetisl of the iiTigable area. By means of a tunnel (pi. 11. fig' 1) 
about 3i miles (lOi'OO feet) long the stored waters will be corriod 
through the mountains ami emptied into Spanish Fork, from which 
fl canal 18 to *20 miles long will convey them to the irrigable area- 
Power created from the high-line ctinal is now transmitted olectrietiUy 
to the tunnel for drilling, and later will Iw utUijiftl tn pump water to 
lands ahove the gravity system and for drainage of low-lying lands. 

The la mis have an elevation of about 4,600 feet, and the tempera- 
tiirc ranges from —10* to Oo*. Alfalfa, hay, cereals, sugar beets, 
fruits, and vegetuhles are grown. Settlers are getting ready to plant 
orchards as soon as water b available. Tim existing canals ore being 
enlarged to fomi [lart of the Qovernmetit system- 

The watershetl area is STO sqiisre miles, the annual rainfall on 
wBtei-shc<l 45 indies, and the estimated annual run-off 168,000 acre- 

f'^t* . . . - 

\V«i>Ungim, Okanogan The most interesting engitieeniig 

feature is a storage dam tU feel high and 1,000 fwt long, built by the 
iiydraulic till ]>r(KT*i, forming a reservoir with a capacity of 13,000 
flCTe-feet. The watershed area is loO square miles, the average an¬ 
nual rainfall on watershed 17 inches, atid the estimated annual run¬ 
off 37,000 acre-feet. Tlie annual rainfall on the irrigable area is 
8 inches. 

Tills project is designed to supply water to 10,000 acres of land in 
Okanogan County. Wash. The soil is derouiposed basiilt, sand, and 
gnivcl, and is very fertile. Grain, hay. fruit, nuts, and vegetables 
are grown, but the principal crop is apples. The elcv'aticm of the 
land is about 1,000 feet above sen level- The temperature reng^ 
from —10° to 105°. In the history of 30 yeitrs of fruit growing in 
the valley frost has not seriously injured the crops, and there has 
never been a failitre with apples, peaches, plums, prunes, apricots, 
pears, cherries, nectarines, grapes, or any varietv'^ of small berries 
gi'own there. 

On account of the |>assibilitics of high det-elopmcnt in thii^ section 
the farm unit has b«n Used at 40 acres. The building charge is 
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§66 per arre of irri^^able land, and the operaLjon and ttiaijileiiancfl 
chargo at pro^nt Hiiiountss io jwr acre per aiintmn 

WashlnfftOHy TdJctnia pn^jact .—On tlie eastern aide of tlie Caaeade 
^(ountaiiiJ^ in the State of Washington is a succession of valleys in 
the upper jMrt of the drainage bLisin of iho Yakima River* It is 
estimated that wilh storage the water supply is snBicient lor about 
4C0/XK) acres of land. Dams ai-e Iwing built at the cnlleLs of several 
inn El ul a in lakes, the capacity of which when iikitUEitGly developed^ 
will total DSO.OOO acre-feet. The development of a comprehensive 
system of irrigation in Yakiina Valley will l>e accomplislied tiy the 
successive const niction of several units of a general project| the work 
being graduallj eAlende<l to embrace the entire irrigable area. 

Ticton unit: The bnEk under this unit are in Yakiiini County^ near 
tluj city lif Nsirth Vakinift. The engineering features are dilliciilt and 
expensive* For 1:? miles the main cannl (pL 11^ fig, 2} is constructed 
along tile sleep sides of the Tieton Canyon* and in 6ve places the can- 
3 'oii w^ttlls are tunneleth the total length of the tunnels liehig inurr than 
2 iiiiles, Tht=^ lands io be irrigated are rolling mid the distribution 
system is also expensive. In order tn iTplacc in Ihe Naches River 
ilie iviiter needed to tuipplv pri^^^ apprtipriation^s it was necc^ary for 
the (lovemmeni to constnict storage works at Eumping Tjiket Wash*^ 
on tlio heacHoters of ihut stream. The lands m the vicinity* not 
more favorsbl}" situated for fruit raising, range in value from $^00 
to $1*000 i>er acre. The elevation is from 1,^00 to 2^00 feel above 
tiCti levid and the temperature ranges from —21’^ to 102^. Although 
n great variety of crops c<>iikl he grow^n the land$ are so rnluable 
thul it is pri>bable the priuci|>al crops will Im fruit and hops. 

Sunnys^idc unit: Tlie first unit of this system is tiow available 
for ll*rilK> acres cif land in addiliim to the 40,000 acres under the 
old ennah Tlio of water right is $52 jaer acre^ payable in not 
more tbmi 10 annual instailinenl& and the ot^cration imd niainte- 
nance charge at present ia 05 cents per acre of irrigable land. Work 
oil the system c-oii^ii.^ts of the eiilargerneut and extension of the exist¬ 
ing Siiimyside Caiiiil, which was purchased by the Government for 
incorporation in a more cfunpleto ^steun The extension of this 
will cover more than 50,000 acres of new land. The average eleva^ 
tioi^ is 700 feet n\tove sea leveh and the temfwrature ranges from 
—21® to 110". The soil requires 3 acre-feet of water per acre per 
Huniim. The farm unit is 40 and 80 acres of irrigable land. For- 
sgCj bops, vegetables, and fruits arc grown. The orchards of 
Yakiiiui Valley ai'V famous for their yields of fine fruits. 

Wapato unit: The Irrigable lands under this unit are in tlio 
Yakima Indian Reoeiration. There arc about 116,000 acres suBcep- 
tiblq of irrigflHon, 15,000 acres of which are now rct'civing water 
during high-water periods through canal systems constructed for 
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tUe IncliAn^^ The soil dikI transportation fiioilities are exceUeiU. 
For the leclamatioii of tliese lands the plan.H provide for the en¬ 
largement of the old and new reservation canals wliirh wne huili 
with tribal funds, the building of other cnimls and laterals, and 
the .storage of over StW.OOO uei'i?-feet of water in Vukiina lakes, 

Kittitas unit: Tliis unit on which no work has Ijcen done eon* 
templates the irrigtdinti of land in the vicinity of Eltensbnrg. 
carni] 90 luilea Jong will bring water from the Yakima Hirer just 
nlmAT Kaston. The growing season is soniewhat shorlei' here than 
in the lower vallc'ya, but the lands are well n dap ted to diversilied 
farming. This is tho ditirying section of eastern Waaliingtoii, and 
the soil and climate are fuvoroble for the growing of eereak, tiniolliy, 
vegetables, and winter apples. 

Wyomhuj. ShmhoHe joroysci.—The most striking feature is an itii- 
pounding dam at llie head of I ho ranyon of tho Shoshone Hiver in 
northern Wyoming, storing the ^valors for the irrigation of abimt 
15i5,OtW acres of land. This dam {pi, 13), the highest in the world, 
tvas coinpleteil in the winter of ItkJfi-lO. It is i}'2S.4 feet high from 
bedrtick to top of parapet walls, lOS feet thick on the bottom, and 
only 300 feet long oii (op. The reservoir created l>y it has an area 
of 6,600 nci'es and a parity of 456,000 aero- feet. Tim diversion dam 
lit Corbett, which turns tlie watci's of the river ilirougU u tunnel Si 
miles long into the main canal, is a reenforced concrete inasoniy 
structure 18 fm*t high and 400 feet long. The AvatersJicd iiri'a is l,3S0 
square miles, the avenge annual rainfiill on wmei-ylred 13 irichcs, ami 
Hie estimated annual ruu-od Is I.lnU.DOO iici'v-feet. The niinfall on 
the Irriguhle urea is from 6 to 10 Inches. The cl era Cion is about 4,.^i00 
feet ubov'e sea le%el, and the tenq>eratm-c ninges from —30^ ti> ftfr 
The dim ate is drj' and agreeable and the light soil pixMluccr, abun¬ 
dantly wben Aviiter h BpjjJied. Alfalfa, hay, wheat, oats, iHirlcy, and 
vegetables can !» gitiwn; also potutofti, Kiigar bcHs, and fruits. 
J,iirge numbers of cat lie aud sheep are pastiireil on (he siirnmndmg 
ranges during the greu(t'r part of the year, but mpiire feeding in the 
winter iiioutlis, so that there is ahviiys n gooil home market for bay. 

Tlie farm unit varies from 40 to 811 neres of irrigable land. The 
building diargi> is §40 ]»r acre of in igiiblr himl, faiyahle in 10 annual 
installmenLs. The amniaJ mflintenarice aud operation charge ut pivs- 
eiil is §1 per acre, one-tcutU of the building charge, and one year's 
maintenance diarge, or $3.60 |jer acre nii; due at the time of filing. 

The sun-ounding mountains are covered with spruro and fir and 
supply the farmers with limber ami tlie stockmen with summer range. 
Coal mines located in the vicinity supply crhitap fmd fur domestic anil 
manufacturing purposes. IVdl water of go^ quality is found at 
depths varying fruiu 30 to 50 feet. 
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eUMMASY. 

Sumutiftrlzin^ the forcgoitig BtfltcmBntfi, it (Biy ssitl tlint during 
thfi nine years from 1902 to 1911 projects have been oonstructed in 
each of the arid States and tvo Temtorics, shown on the map on 
page 182, and water provided for nearly 1,000,000 acres, of which 
aljoul one-half is now in use. The en^necriug works on the whole 
are completed w'^1 ahead of the actual utilisation of these* 

These statements ate sufficient to show that tlie roclamation act has 
been a success} that tlie nioiey invested is coming hack: and that the 
great ol»ject, above and lieyond the financial returns, is being reached, 
namely, that of providing opportunities for homes for American 
citi?.enB, 


ELECTRIC POWER FROM THE JfJSSTS8IPl>T 

I VVECLi S 


By OiiEsna SL CihA^IC, 


Ti^ tbe Mifisissippi Yfilley, ntKiiii 140 luiles above Lon is, tlien? 

is lipiikg built ii hyfli‘t>eU“Vt(’i'i:! plant to for bidiii^.trial puriHisA-^ 

the iniDiense naturul jioM'er of the Mississippi Rh’er. UtiW before 
its completion In <Tiily, some other pliuit U ooiistructed, pro¬ 

pelled by a force greater for eloetrie genenatmg purposes than tho 
steady llow of this great stream, the Mississippi liiver Power Co. 
will have iit its commanrl. it is believed, one of the most potent single 
hydrc>electricul developuients so far created. Its ultimate geiieralive 
capacity is to be over 200,000 delivered horsepower. part of this 
development there is Iwing thrown across the river hetweea Kcnkiik, 
lowti, and Hauiilton, 111., a dam, which, so far as appears to Ito (if 
record, will be the longest liank-to-bank river-Jam yet built of solid 
masonry. 

.\ii undertaking of such magnitude, besides marking a step in in* 
dll si rial development, involves engineering features of |MH:uliar in¬ 
terest. Before attempting to set these forth, however, a few W'ords 
as to the history of the project may not be out of place. 

inSTOEV OF TirE DEVEI^PMEST. 

As far hack as 1S4S there was organized what was colled the Mis¬ 
sissippi Kiver Improvement Associotion, with a capital of $1^00,000. 
to irapnivo navigation atid hanicis the water power that might be 
developed in the process. Nothing definite b of record as having 
been acconiplishcMl toward this object for many years thereafter, 
exrc.pt in the nature of prvHminniy observation. An examination of 
the geologic atnn.*ture of the river bed waa made. Along in 1898 

^ Ih rratltfrlDf^ &fa|ltb3e irfatEitlci Pill4 olhf^r datn ffir thti irtlclif bn dap Hr, 

Uuifb L. at ^wiw Yorkt prlnip &f4^pr In now in dlrr^ tlmvfv ot tb^ 

hydnuHe ooELBiru^Uafi ibjt 
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there were begun by the United States Oovernmerit tiuily observa¬ 
tions. which it appears have been uontLnued. aiiuoat without break, 
to tlie piTsent ye&r. 

Nothing in tlie nature of a definite enterprise was undert&ken, 
Tiowover, until on April IS, 1900, several citizens of Keokuk, Iowa, 
and Hamilton, 111., met at the State Uank of Hamilton and finally 
organized a company to develop and utilize the water power of the 
Hes Moines rapids and to obtain the tiecessaiy ^unU for such pur¬ 
pose from the Congress of the United States and from the States of 
rilinoia and Iowa* The organizei^ of the Keokuk & Hamilton 
Water Power Co* directed their first eftorts to obtaining a charter 
from Congress, whidl was granted on February 8,1001, as public bill 
No. 48. This act gave tlic rigbl to construct, operate, and maintain 
a canal along the cast bank of the Mississippi River between Kanvcio 
and Hamilton, Hb; to erect, eonstmet, operate, and maintain u power 
station in. connection therewith; to erect, cofistruct, operate, anil 
maintain a wing dam 600 feet Into the river from the bead of the 
canal; and to make such other dams and improvements as roiglil be¬ 
come necessary within said limits for the development of water 
power and the generation, transmission, niid use therefrom of elec¬ 
trical energy and power. Nauvoo, noted as the seat of the first Mor¬ 
mon temple, is beautifully located on high ground about 12 miles 
abovo Keokuk on the opposite side of the river, and is at the head of 
tlie Des Moines rapids. The river al Lliia point is ulmut 1 mile wide. 
Tlie building of a diort dam 500 feet, long into tlie river to gather 
water for a Cuiial 12 miles long, e.tlending down to Hamilton, HI., 
it is eslimateti would not have permitted the developineut of more 
than 10,000 horsepower. 

This project was not rarried out. In its place there grew the 
idea of a developiiient which, while utilizing for power purposes 
the entire energy of the Drs Moines Rapids, would at the same time 
trails form navigntiuii possibly as difficult as anywhere along the 
Mississippi into comparalively safe and eonvenient water transporta¬ 
tion. Tni^trad of ii wing dam there was siibstituted a concrete stnic- 
ture running cntltiely across Ibr river from the bluffs of Keokuk to 
the bluffs uf Ilojiilltun and the coiLstniction in uoiinectiuu llierm'itli 
of a single lock and dry dock and a power station capable of utilizing 
the full force of the flow. 

Thb new plan was indorsed by the Mississippi River Improve¬ 
ment Association and by the Miasiijfiippi River Pilots’ Association. 
Acting under authority contained in the river and harbor hill 
passed bv Congress and approveil June 13. 1902, the Secretary of 
IVar appointed a commission, of which Lieut. CoL I lodges. United 
States Army, and Capt. Judson, United States Army, were mciu- 
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!>ers. After public lieariugs and un invc^igaliont tiie commission 
reported favorably on tiie project. 

At-THORlZATIiLH". 

In view of Uais favorable attitude! and I'eport, on April 21, 1904, 
fi bill wm introduced in Congress lo m'ure the right to build a 
dam coiiiplotclj^ across the Mississ^ippi at the foot of the I>e& Mainer 
Kapidij. This bill was frivored by the legislature of the State of 
Illincjia^ which, on Janunrj 17, 1905, by joint retJoUition, memorial- 
ize^i Cotigress, urging ita passage. The State Legislat tire of Iowa 
also iudorsod the enterprise^ On January 27* 1005, the bill passed 
the Ijowcr Houac; on February' 2, 1905, it passed the Senate; on 
rebriiaiy 9j 1905, it received the approval of Prctddent Koosevelt 
and Ijeoame a law. 

This Iitw w'as public act Xo. 65, entitled “An act granting to the 
Keokuk and Hamilton Water Power Co, rights to cfiirst met and main-^ 
lain for ibe Jmpi-overnent of nnvigution and dcvclninuent of water 
jjower a dam actii^sis the Missi^ippi Hiver.’^ It provides: 

ThRt the assent of CeDgress la Lerehy slreu ta the Kef>ki]]E and numnieti 
Wiiter Power Carapany, a cotperatlgu c3nailKI find orpinlKed under tlie Uiwb 
of aJE lUlneiK, Its suect«aiirs^ and nnalgiis, to eret^t, ccniHiruct, ojiemte, 

BiMJ lualitTiihi ft dftiu^ with Ita ciK^l nl nil eleinti™ of from thirty to thlrty'flvK 
feel ftlto^'c stamUird lew wnterp acress thiy Uher iit nr Jiear the foot 

of the Des Holiie^ lUiiilds, from Ki-oki|]c, to Eliirniitoin lUiiiehn and to 

cooiftnicn or*'™!**, autl nsiilEitiilD |jewer iticitlonft on or In connijeilon with mid 
dimi, with suJtnhIe neeeBsorli-ii for the fteveloriuciil of water power, and the 
kenctfliloo, ii!Jt\ and tniiiEiuJE^[i:?ii tljtwfnoiu of eleclflc ecercy and power to be 
derived froni tbe IX-s ^lolucs IdpIdH on the ^nsslsslppl River. 

The Dnitetl States Goveniitienfc had constructed in 1817, and was 
maintaining aloiig the Iowa shore ns an aid to navigiitiori a diy dook^ 
canal, nn<l n serii^ of three IwkSi the striicturis ext ending in all llj 
miles from Keokuk to a jxnnt below Port Madison, but above the 
swiftest pni-t of the rapids, Th^ dcK-k. catiuK and locks had for 
year> made fea^ibie the only praclicable river intcrcotir^o between 
points alK>vo and liclow the butrier* 

Iti order to continue this means of enmmunication, and in order 
tliiit the (kivernnient might receive a return for the perpetual fran¬ 
chise gi-nnled the comfuiny, there follows in the bill this proviso: 

Thai in I Jen of the tUrro Jocks and the rlty^ dock, witb tigeir appiirtcnnuces, 
upw ewned and oiieratcd by tUe Umted States, at ibc I>e« MoJnm Itapldn 
Cfliml, tJie Raid Keakuk and Hamilton Water Power Oointisiiy filuiU Ualiil, coin- 
citlentally with rticcoustructlon of the eafd tliiia and appartoDaDcos, ut liH^attons 
opprovivlby the secrerftjy of War„a Jock nud drjdock wltli tbclr appurtenances; 
tiiC Bald lock flJjnlt of amdi u kLiid and slz4\ iiiuj Hball bnvu aiH'Ii appiir- 
teuaac^e? and eqcLpmcnu aw- sbiilJ coiivcDicikUy uud safely aet?omiiiodate tbe 
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jiHsenl (ihil pmmiiectIvtf iiniiDjeTTe of tUv lIlPBliMtJilijtl River; liii* siilil ilvj iluok 
nnd (tft apiiiirlena m.w »liull bit enirU u* tn ipve ejmeo, mill eiit'eu' 

Idiec* for Uie rcimlr uf vessolB nt lenMt oqunl lo tbuse iiETomfert liy tbe eiiiJtiliiie 
Qoverimient [|t>‘ ilork nud *ho|!S at the Dor Moines Kni^tOfi CaiMil, 

Other cttiiditions provide for further approval liv the Seciv:tary of 
War and upon coniplttioii plnee in the Uiiited btateA ilie tnviicrsd'iip 
and control of the look, tlry dock, and their apjmftetiances, niid the 
operation and nmuitennm’e thereof. 

As still fTirtlier protwlion to tiuvl^^tion, and in the interest of 
tiflheriea, section 2 of the act requitoa i 

That till" withdrawal of water from the Mlralsslwl River nnd the dlsclinrpfi 
of water Into the snld fiver, for the nurpose of opera Hub tho power Biatlona 
and Bpjmrteiinnt worts, shall be hhiIm: the direction ami mniioT uf ihe set re- 
la ry of war, and Hhall at no tlnae be such as to Impede or liiterterc wlib the 
safe and conTenlcul navlsutloii of the snld river hy niiiins of slaiuibaBlH or 
uther vinsttflH, or Uj‘ rafts or hiireEw: Prtn'idctl, Thai tlie said (waaiKiny etwtt 
wtartrnet sucli Hiitiahla flJsUwftyH as may Ijo rcrjulred from tJiup lo tbae by Hie 
RccTotary of Oonanerw nnd Uibor. 

Under nntUoritj of tlilK act, after the (ltday of preparing to fitmtice 
the constnietion, in IttOfl work was actually begun 0) continue until 
completion, it is estimated, soma time befoli? July 1, 1R13. 

In direct charge of tho hydraulic constniction is Mr. ITngh L. 
Cooper, of Xew York. The kune & Webster Eugineering Corpora¬ 
tion. of Boston, lias direct charge of the ekcirical inslallution, inrJiid- 
ing the transmission and distrihuting linw. 

CFtAiLviTria or Mivna i’.kj'. 

The site of this dam and hydro-cieclric plant, as a glance at the 
map will show, is above the jiinctious with ilir MisHiasipp), of 
tlifl Ohio, Aflssoiiri, and Illinois Ttlvors. It is at a point wlim* 
the three States of luwa, Missouri, a ml Illinois touch. HO miles 
from Tk» Moines, 140 miles from Sh Louis, and 220 miles from 
Chicago. 

The dam itself ia being built upon a river bed of blue limeslone m 
a Tegion stable from a geologicttl point of view. Tlie surface of the 
river bod at this point is naturally clean and free fnnn Ibe cnieks and 
Bssnres of rock of igneous origin. The average depth of the river 
at this point is from 6 to 6 feet and the variation is slight. 

Under an act of Congress July 2Ei, 181H1, a bridge jotning Keoldik 
and Haniilton was built. This bridge crosses the river at a point 
vards liclow the location of the Keokuk Dam. The following 
description of the river bed in tlie vicinity of this bridge La inkon 
from page lOOfl of the Boport of the Chief of Enginwits, TTnited 
.States Araiy, for the year 1878, Purl 2: 
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Tb^ r3vt*r Lu ilB tinluml condition At thla iiloot* Is jibotit feet in wtiStil nt 
ordlnni^ law wntvr niul nlxnit CJiflO fwM In width iit UcahI jtnpefl. Tlje hftl of 
the river la lloioatone^ nl thu hiiuo ebameti^r mb ttmt of the %'linlii Dt^s Mnines 
wlilnh exteni! from thin plnee to yuntrrrSMs jihuTlt ll tnilcft 

On page S 13 of Reiiort of tlie Ghkt of Englneerst Unitetl Stntes 
ArmY, for the yeiir ISBIj is foiiml a dt^cription of the Eteii I^lolnes 
Kupids^ in whkh the following exlrnct nppofti^it 

This croB^ve iicOnn^ tLotlfth priHliietlve at kih:Ii n^iuartenble resulta^. tma noE 
been enrrled eudlclcnlliF fur to louder tho l-lvL*r tldn iwrt of Ha bwh 

itrnliliiblo at flll Elwn^H for tlw jniriwx«!s at ntivSj^ntloiu From Fort 3Indlt^n tu 
Montroee, ibo river iA S.rAJli feel wIi1l\ iiiiiJ Ktittfcleullr Jnep; bot So Ibo 

mollis its bed of ISme^flone roek, vi lileb bj" same oikkimwa enu»e seents to have 
been imoleocHl to a. griwiLiT depre*' tlniii tlje rt^rN^siwiiidltijf slmtuiu nlw^ve und 
tAilOW tba roHills;, Ims mslstotl tlso ncElon of the wntor, wlilly Us eldi?s Lave "Even 
way,. The rosult Is tliiit tida miii^^s at merk H^iruLins tborLv anting oaacCly as nn ^ 
artifleSal daai wliose nn^er Horfare Nloitui al:M>iit :£2 feet In 11 miles, nnd con- 
fonos very neiirty lo tlio pljiiie of slejililln^qllun of the roet tliTOii};U wbicis tlw 
ehanuol Is tniL The bln ns nxEend atubR tlie bfiHki* of Lbe rlvt-r ibronitLont tbe 
length of the ni|>iilB, |>n.^nlInK u rtxrk i=;et.^irimipal at the jiirwit high ivjiter- 
mnrk wUb a sEoping gTEivel bnucib to Imv vmter, nncl ilIbo iiinHLer t^'nn»uenl 
of tai^k at feel above the wider Eevt^l, bavIiiK- IlhewEM^ n aluplu^ 

tH»ueh at Its foot. 


FtJiJW OV lill'KlE^ 

Headings of tlie stage of the Mississippi Kwer at Tarioiis points 
have been made by the I*nited States (iovemment since 18IIR* Tht^ 
readings have been puhlished as part of the records of the Jlissia- 
sippi Hirer Commission and of the United States Weather nitreau. 
Besides reading the stage of tiie river tSie GoverntnenL has, ihrough 
the United States Army and tlie Mississippi River CoiiuMissicHn ob¬ 
served at various times and at various points the dischargi^ of the 
water. The results of these discharge iiieasureinenhi also form part 
of the records of the Mississippi River Coinmission as well as of the 
United Stati« Eiigineerbi, In uddilioii to these^ various nl>5ervBtioris 
have lieen taken under the direction of Mr, Cooper* For the pur|>t)eje 
of determining the anioinit of pi}wer aval hi hie all of the iibiKe oh- 
starvations^ ond poHlciifarly tho^ esLabiishing o mitiiroiuii How^ have 
lieen vahiohJe'. ^o far as is known to tlie engineers of the develop¬ 
ment ^ the loTvest tneasured disc^harge was n'wnietl by Montgome^ 
Meigsj United States Civil Engineer, in Sentendier, IBUL when at a 
time that the commonly accepted low-water marl^ on Mechanics* 
Rock, just above Keokuk* showed water lower than the record of 1804* 
there was oii^erved a (lischarge of 2ij3SS? cnbio feet pvr second* Qdicr 
observations of minimum dmrharge are shoTvn in the tahlea whii^ 
follow, being the lowest rdnirtl^ of which the engineefti of ilie de- 
velopmmt have amhenlio knowledge. 
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MtaMnnACftts at RufUntgiimf Jwa <40 ^»Wr« utyavr Keokuk}, 
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The observations listed above, purposely selected ns showing the 
least discharge of record, have led the engineers of the developnient 
to telabltsh in their calculations a minimum discharge of 20,000 
second feet. Other observations of minimum discttarge, niiide in 
1906 under the direction of Mr. Cooper by n (■nrrcnt meter, may 
serve to show the safe ninrgio of surplus power often available over 
tlie amount calculated on the basis of the above minimum. 
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Tlie waters at Keoknk mn not accuratolr be called turbulent. 
They are ncj^t hurled over hidden bnwlders and irregular rock with 
the speed nf a Kiagam. The river has much !(?ss vel<jcity and pre¬ 
sent rather the smooth appearanoo of water ruuning down an iU' 
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duiPfi surfiicf (pi. —). All observer with a short metal sou tiding 
rod oiin hear the ckiir ring of the solid rock bottom nil the way 
across. The regxilnrity of ihs bottom and tlto rock of which it ia mode 
aro chartwl on the facrfiiiiile of the United States GoTernnieitl map 
shown opposite ]iflgp 200, 

A well constructed concrete dam, power house, dry-dock, and lock 
on such foundations should last as long as the old Homan ooucreto 
work made of natiiml cement, a great deal of which has been standing 
2,000 years and is atiil in good condition where not destroyed by the 
hand of man. 

RrOll.VOE OF WATKa. 

In the interests of navigation below the dain, particularly during 
the open pfiriod from JInrch to December in each year, there are 
wrtaiii Hsitrictions placed upon the complete interruption of the 
How of the river. The Mississippi River Power Co,, successor to the 
pririleges and franchises of the Keokuk & Hamilton Water Power 
Co., is allowed to cut down the How only during the nigld to 15,(HXI 
cubic feet per seconil for two hours, 10,000 cubic feet per second for 
sbe hours and .'5,000 cubic feet per second during the balance of the 
lime between sunset and sunrise If the wheels do not pass the above 
aiiLouiits then tlio deficiency niiist be made up by letting water 
through the gntes. 

From an operating point of view these iiestrictiona are not a gross 
handicap, for the storage of water during the night, when the load 
is lighl, will still be possible for u,** during the nest day when tlie 
load ia heavy. 

In I nicking up this water, the amount of which can uf course bo 
regulated Uii will bo seen from the ilesoriplson of tbe Jam constnic- 
lion lielow. in the nltunate development, there will bo formed a lake 
from » to S miles wide and about -10 miles long, ovorfiowtng tlie low¬ 
lands and thereby ohanging the topography of the country immedi* 
utely adjacent to the river. It will also submerge the Crovernment 
canal mentioned above wdiioh is being supplanted by the new lock 
and dry dock, 

DRTAIIiS OF TTIR DAJt CONSTRUCTION. 

Resting on the solid river bottom described, the plant is being 
built out from tlie bluffs on either side almost a mile apart. The 
construction is handled by two (listinct orgHniRsttons—-the Tllinoia 
division building the dum, the Iowa division the locks and dry- dock. 
Each construction plant consists of a concietc-mixing plant, a stone¬ 
crushing plant, a central power plant supplying compressed air and 
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electric current to the works, a lURchinc shcjp, a «:ai{jenter shop, ware- 
hoiaws for storio|t ccnient. warehouses for miscollaneoiiB materials, 
,md vnrioHS other strueturM- 

The tuethoils of ('oust ruction, if no I unpreeetlented, may at least Iw 
ioteresting to such as are not famiUar with liy<lrauUr cogineeriug 
work: 

A ooffpttlain oonsistiiig of a rectangular tiniber crib structure, 
loaded witli atone and made water tight by lueaiLt uf clay puddle, 
ia built around a section of tln> clam almiit l,tKK) feet long. The 
wsler iii then puin[XHl out of this colTcrdain. lu this space tluia 
pumped dry is excavated a ti’eiich in the solid rock, on which the 
dam is founded. Tlie piers and arches forming the bridge and tbe 
bottom part of the dam lietiviscn these piers ure then built, .Vfler 
thin the cofferdani is rciuovod and another s4.*ction is cotTerdalmned 
and the lirldge huilt in the same way. This coiitimies until the 
hiadge is extended all the way fintm the Illinois shore to the junc¬ 
tion with the power houBe on the Towa side. This will leave IIW 
large npeuings between the Ivridge piers, through which tbe water 
passes) unoljstrncued. These openings will finally lie closed off, ii 
few at a time, by means of steel gates, nnd the Vialanec of the 
cnticrete part of the dam will ho placed behind these steel gates, 
graditallv raising the croi>t of llie dam until it has reached its full 
hei^it. 

The dam, including ahiitnients, Ls lioiiig built ftwt long, nr 

abont se^Tn-eightlis «f a mile. The spillway fseetimi i« 4,2TS feet in 
length. Tlie hei^t above llie river tied la almiit ^2 feet and its base 
is 42 feet wide. The, upstream face is ii-ertical. The downstream 
face is an opHs curve, the upiic'r portion a parabola over which the 
water will spill, the lower portion an are of a circle which will throw 
the water away from (he toe of the dam. On the top of the spillway 
are liehig placi'd the steel floodgates, one for each opening, 30 feet 
wide and II feet high, supported hy concrete piers. These piers are 
6 feet thick und are built intcgra.1 with the dam. Tho piers also 
support an nrdied bridge, from which the gates wilt be oiierated by 
electric hoists. By manipulating these gutes the water alwive the 
dam may bo maintiiined at a nearly constant level at all sa'asons. 

Tlie dam is lieing built entirely of luasGivo concrete withoiit n»n- 
formneni. It is living Jm'kcd into the nick bed of the river by 
potholes and other excavations and is prnclitaiUy a monolith. All 
concrete, esecpl at specially isolated places, is machine mixed, car¬ 
ried from the mixing plant to the point of use in large buckets by 
trains running on the completed portion of the dam, where a canti¬ 
lever crane picks up the lmi'ket,s of concrete from tho cars, carries 
tlicin out and dumpb the contents into the form& 


Srrtilhtoniin iRaptMl, IBIDr^^liii^N. PlATL fi. 



Near View of ^ater prom Sqwa Shore, Marcm tOl Tt Showiho Comparatively Smooth Sorpaol of Water CoHotNED with Natliral Flow. 









SmMiMhiifi 1SJ O'-—CUfil- 



^uiLPiNa THE Cofferdam for Power-hqu^e Site^ Iowa Shoeie, April &, 1&1 U Government Canai in FoREaRouND. 







ELiECntIC POWEIt FROM TKE MIB&I6S1PP1 KIVR.R— t-LABK* 207 

Jti mixing- the canmt^^ ihret pHrts of R i^iitnclard gr^de of quartz 
sand, tfllipti fnnu the natural dl^pt^sits of tiie Des Moines Eiver^ 
2 miles south of Keokuk, is plnwd with «iie part of a staiukrtl 
gr[ide of American Portland cetneut, and teniptre*! with water. 
Tbe stone to place with this moiiary nvailnhle a few hundnfd 
feel from tfie end of the dam, is tlie run of cntslier where the 
erusher jnws nre set for standunl 2^-indi broken Jiitoiie- The qusn- 
titieo of mortar and #(toue are such as to pi-oduce the maxi mum 
ilensilY and speeiftc gravity* Jlnj^ rock is used in the Iwaly of the 
concrete work where any tninimuiw dimeuaioii i>f the fiiikhed con- 
rrete Ls feet or over. Tlie ciihiture of such mass rock may vary from 
one-half cubic foot to m etdiic feel, but all such rock deporitirf is 
thoroughly emlieddcd m tlie concrete ao as to form n complete union 
with the surrounding concrete, and stones are separated from one 
Liiuaiier in diiiiimsioti hy at least inches^ Xo mass rock is placed 
within 12 inches of any fini&hed surface, 

KlWME-UOrSE STnCt-ITRE, 

At the Iowa end of the dam, slanting downslream toward the lock, 
is being bnilt the power hoiTse^ l.tVltj feet long and almut L23 feet w-ide, 
IfM^iition of which is charted f^ppt^site page 200. The substniciure 
is being built of niasstve cwncretej in which are molded tlxe water 
jsassiige and w’a ter-wheel chambers. On top of this is planned the 
sijperstnichire, a lionse of concrete brick and steel, Tlie sin>er- 
slnicture will contain the electric gencraton-, tmnsfomters, and 
swdtch hoards, 'J'he height of tlie power hous* from foundation to 

ix>of will be about IBS feet. 

In building the penver house the method is to conslntci a coffertiam 
around the entire area in which the power hoiise h linilt, inclosing 
approxiiiiiiteiy "67 acres, Tho water is puiuped out of this inclosure, 
and the work of bniiditig proceeds in the space sc^ iinwatercd- In 
connection with the pK>wer-house ^'cmstnirtiou it is neccj^ary to 
escavftte a large nmonni of rock for the foundations* The rock is 
blasleil nut wdlh dynamite and loadetl on cars by steam shovels. It 
is then hauletl to tlie enishing plant and after being crutdied Is 
mixed into conei'Cte. The concrete is hauled to tho of use in 

buckets and deposited in the sutetrneture of the fiower house by 
in ova hie steel cranes. The molds or forin.s for i\m portion of the 
work, invulviug the water passagi^ and -wheel chambers, are com¬ 
plicated- 

The concrete useil in the power-house construction eoniplie?^ with 
the specifiLnlioii-s ineiitioiicd above in cnnnetrtion with the dam. 
Further than this, ivhere part it ions in the suiwcstructure are less than 
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5 indies thick the proptirtinn of cjcment and sand is 1 to 2^^ rcspec- 
thTlji instead of 1 lo Ji. and stone for walk of less than 10 inches 
thirJvness hi screened and thorouf^hly sepaFated^ so that no stone m tho 
mi,\tnre may huve n greiitcr tlimension than 2J inches. 

From the fK^wer-house end of the dam. as shown on tlie chart 
opiKisite page 200, thene will be niu an ice fender for pmtectioii 
against logs and fluting ice- TJiia will be built upatream^ curving to 
a jiinctiou with the slioi'e and w ill be 2,800 feet long* The material 
will be coucrete. The general design ivill lx; similar lo that used by 
Mr, Cooper La one of the Niagara Falk developmenls. To the eye the 
fender will appear a*s a solid wall fencing the power hoiiHi? from 
the river. There will^ how^verj l>c large arched openings hclow^ the 
water level through which the water win find its way to the power 
hotisc, 

J^bTALILATIOX. 

Ill ilio initial development it is planned to install 15 main water 
whcK-ls of the Fra neb type pns^iire tiirUines with single rtinner 
moiintcd on vertical sliaft, so providing for direct connect ton to main 
generator^. These lurbincs arc to have a normal ontpiil of 10,000 
tiiechnnicttl honicpower each at a speed of 57*7 revolutions per tninme 
and head of aboTit 32 feet* The maximum output is to be iipproxi- 
matdy 13,500 jnechanicul hoi^^powor under a maximum head of about 
30 feet. The desigu of governors, gate control, main _Htep Ijearingi 
bucket design* and intemicdiatc details incident dierelo embody 
features usual in hydroelectric txmsLruction. 

The main gunerators will likow^ke be lo in number, of vertical 
shaft revolving ileid ty[3c, each having capisciiy of 8,000 hilnw^tts at 
normal rating wdth overload capacity of 2o per cens for two hour^. 
These gcnvnitor^ arc lo deliver thr4H;*phase alternuting current at 
11,000 vollw and frctpiency of 25 cycitjs per second* 

With tlie generatoDi there will lx? installed initially tw'o exciter 
tutbizicg direct connected to the genemtors. These turbines vvitl be of 
the samo type ns iho main generator turbines, and w^ill be mounted on 
concrete foundations and w ill Imvo the same lyjio of water iiJet and 
discharge os provided for main units* The gtivernnrs for maui units 
and exciter turbines will lie of standard construction fur hydraulic 
rogulation* Each turbine will bt‘ provided with an independent gov¬ 
ernor direct conneirted to the turbino gate contrt^L The exciters direct 
connected with the exciter turbines are to deliver direct current to the 
generator liolds at a suitable voltage. 

Initially then? will bo in.^tallod step-np transformers of siifiideiit 
capjicity to deliver to tlie iransiiiission lini*s, over and above iha line 
loss 60,000 electrical horsepower which hns alrmdy been contracted 
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for hy public servict eorporntiotiig of St. Loui^ The tmru^foriiitfrs 
are to be connected up for three-phase current and to deliver current 
to the iransmissioii linos at a potential of approximately lOO.OOO volts. 
Step-clo^Ji trnnsformei^ yfill be instaUed for delivering current at 
a suiUbie voltage for lighting the power house and operating 
auxilijiry motors* 

llie transmission line to St Louis will rtm from Keokuk along the 
east bank of the river about lo5 miles to a point in tlie former cUy, 
and will consist of steel towers can^'lng two circuits, each capable of 
handling at least half the power specified. 

For the ultimate development to bo IusUIIim! in the power house 
119 above des^Tibed there ai^ planned a total of SJO turbines and gim- 
crators and -t or more exciter turbines and exciters for the gener¬ 
ation of at Ica&t 200,000 delivered borisepower. 

LOCK AXD OBY DOCIt. 

Tlie look and dry dock, as indicated on the map aoeompartying this 
article, are being cewL^tructed on the west bank of the river in ac- 
cordduoe with plans approved by the Secretary of Wat. The$e plans 
call for a concrete and steel lock 400 feet long from gate to gute, 110 
feel wide, and capable of lowering vessels abont 40 feet. The lock 
is to be equipped with I steel gale downstream, and 2 on the ups^dream 
end^ the one farthest up acting as a guard for the upper lock gale. 
The lower gate arcUf^ upstream; tlie upper gates are slraighU In 
ihe masonry of the side of the lock runs a culvert with laterals ex¬ 
tending lieneftth the lock and knives to regulate the intake and out¬ 
flow of the water. The dn^ dock is to be built Isotween the lock and 
the bank of Uie river, a space roughly 44^^ by l^lO feet inside dimen- 
sions^ The walls,, of course, art of concrete- A separaLe small hy¬ 
draulic power plant will pm vide power for operating the lock gates 
and madiineiy* connected with the Icsck and dry dock. 

Til addition to building the lock and dry dock tiw company has 
oblignteil itself to carry out certain improvements in channel facili- 
lies immediutely below the dam and upon certain conditsotis to pay 
over to the Government a sum of money for a similar puqxise. 

CO.SCLLSIOK. 

Tt is not the puipose of this paper to place upon the construction 
of this dam and powerful hydroelectric plant in the Mississippi V'al- 
ley an industrial significance. It is, nevertheless, true that this 
development is placed in a region heretofore unsupplkd with hv'drn- 
generated electric pow'cr. The size of the development will enable 
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ihe fumiahing of power ut a comparatively ceasounble price, atiJ it 
is believed by inhabitants of Keokuk, of Hamilton, and the vimnity 
that manufactarera requiring large amounts of electric power will be 
attracted to the locality in the years to come. This, in a region here¬ 
tofore mainly agricultnral in its pursuits, can nta but be quoted as 
an indication of one direction of econoniic devdopnieul of this coun¬ 
try during the nest generation or so. 
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At tliL' putstt it sliuiild Im' cxplaiiunl tlmt lliiti iirtirlt? isriicit Jiilt'ui!c?d 
to tw i'illit'r “ jxjiiiiliir ” or “ ittbiiicnl,” in llio nutviitwl sense of tbese 
tei'Jiui. If it were fmmed oti inirely leelmicnl lines it ivuiild pi-e- 
sii[}posc a thorough knowletlgt! on I lie pnrt of its readers, of power 
grtirnttion—nf riiuohinery—^jf industriiil orgiiiiiiyilion’^Hiid ’would 
resolve itself largely into a stutctiicnt of rules, spcctiiciitions, methods, 
iind nfipIianccB, ihal would lx' Iwlh iiuinterosling ninl inixunprclieii- 
sibJe to any ono who did not have this knowletlge. l>n Iho other 
hand, to e)c[jloin to an outsider the nieohatnml eonstriietioii utui 
openition of, for instance, the different types of electric treanes, with 
the Bcchlcnts which may occur on them—and to make rkar the vidufi 
of the nilcfi and safely devices which liavo been worked out to pre¬ 
vent such accidents—tnigbt readily hll llic entire space allotted to 
this article. The attempt will lav rather, to touch in a gene rut way 
on some of the princlfuiit features of safety work in its pi'esent -Siag*^ 
of devehipmeut iu the United Staten Steel CuriKiration, and to give 
some iiujvivssion of the [irublema encountered, and liow they ai\j being 
solved in a practical wny- 

This work is a logicnl outgrowth of aiwrteiatiori with the nccidetits 
which must inevhnhly accoiupnny the use of machinery. It is prob¬ 
ably safe to say that the casualty " or ** Occident ” deportment has 
always preceded tlio “safety’’ department; that dealing with the 
men who have l«eu injured has brought about a desinj to prevent 
the recurrence of iicciiknts. Frmn the first scatleriiig efforts in this 
direction have grown more systematic metliods, until awddent prtf* 
vent ion has developetl siich a variety of detail and such hreadth of 
I>ossihilitie.s, tliut it is fast Ijecomiiig a i«hnii:al branch of itself. 
\Vhat "was originally a speciefl of self-defense lias broadened out into 
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tnorf! Iiimitinitarian Imes^ imtil at pn?sont it b b^ing taken up on a 
ECiilo tlint ’srnuld nat have heeji dreamcfl of in ibia coiinm' a fnw 
years ago. Safeguards once consideted entirely eatisfuctory' are 
being replaced by others of impnivwl constnlction. 3?ew forms of 
protection otJMStuntly being clevi!5cd+ 

In some of the companies which were brought together in IfSOL to 
form the Fnited States Sled Cor|iomtion, organised safety deiisiru 
meniJt Imvo existeil for the last In yeai^; in iiU of them more and 
uioie fittcntion has tx-en given to safeguarding employecs* untd at 
present each of the mtiio const it tieat com panics has a coiijs of irnineil 
f?p'eiiilists who devote their Lime to stiidAung tlie causes of accidents 
and to devising meaiifi to prevent them* Xrvr jmpelus nuis given this 
work by (he interest manifested in it imd Ihe policy adopted toward 
it by the officials of the Steel Ctir[>oratioiu Everj' year nil the men 
in charge of thes? matters for the several subsidiai^ companies have 
lieeii ealhil together eU the general ofliccs in ISew York for dbciissitm 
of the problems conniicted with their work^ the first general meeting 
being held in UKJO. At these meetings the officers of tho corpo¬ 
ration have given assmranees of support to the subsidiary companies 
in every practical undertaking'for ibc pi'evention of accidents. Tliis 
resulted in the formidion in Aprih IflO&t of a central eominiitee of 
safety. 

This comtuillee is com posed of live memliet^i representing snh- 
sidiary cumpanies opera ling lire largest plants and mills, with an 
officer of the Uniteil StaU^w Slcel Cor]Kirfltion acting as chaimian. 
It W'as cmpoweitMl lo appoint insiH'ctors to examine the viirioiis 
plants and ecpiipinent, and submit n"|>niis of aifcty conditions, with 
suggest inns for improvement, TJje committee was further requested 
to nMmrd and disyeiiiiijiite data on regiilatiiiiL'^ rules, deviceSj etCn^ 
lending toward safer working conditions in the phtnts. 

Some idea of the breadth of the field before the new committee 
may lie gainoil from the fact that it includes 143 mcinufaetiiring 
plants, in adElition to mining and tninsporlation properties, enipluy- 
ing in all approsimutely ^>0,000 mein 

Tlie cornmiltco has selected &s its inspectors men already engaged 
in safety work in the siilisidiary companiesL In other words- Um 
matter has resolved ilself largely into a system of intcr-cciEnpatiy 
inspection, which gives the plants imi>ected the benefit of tiew view¬ 
point ond varied experience* and nt the sanie time ernibles the in- 
spcctore tliemsidves to see whsit is being done elsewhere, ami to carry 
back new' ideas iiiiii devices to their ow n plants. The jihiii has ivorketl 
well and has been of great assistance to the Severn 1 c!^Jmpaniefi^ who 
hittierto had liee.n coping with their own safely" prohlentH without 
definite knoAvledge of whiit other members of the gi^at corporation 
family were doing* 
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Meetingii of tltf convmilteo are held about onws a. month, when 
umJignmeiitij for inspection are miido, and te|jorts consUleTod. 
Drawings, pUotogrttplw, rules, *qxfcUi«itions, etc., are snhjuUled for 
consideratioD, and such as seem desirable are sent out to Jill the com* 
pnnioa. During the two years since tlie institution of this central 
coniiuittee of safety its inspectors have reijorted to it, in round 
muntiers, 0,000 iiecoiiiincndfttiona for increasing the safety of cm* 
ployoes in the plants, mills, iiilncs, and on the railirisids and steam¬ 
ship lines ivf the organization. Of ihese recommeiidationa US jjcr 
cent hare been adopted by the committee and ijarried out l>y the sub¬ 
sidiary coinpHnics. 2s'ew uppliiiiices, guards for the protection of 
machinery, and other nmtiiis for safeguarding the wurkmoii, to the 
mimlier of lOO or mow* each year, have been snhiiiitti-U for the con¬ 
sideration of the commit lee, and through the comtiiitlee have lieen 
brought to the attention of and adopted by the sulsfidiiiry companii's* 
Tltere has lK*eii no attempt to establish a uniforiii safety organi¬ 
zation in each of these eomi>aiiie^ since the conditions vary so grcjitly 
that tills would be impracticable; the Carnegie iStecI Co. bns dif- 
fewut pbinta. the Illinois Steel Co. 0, the National Tube Co. IH. the 
Aiiierican Sheets Tin Plate Co. 34, tlie American Bridge Co. Ifi, the 
Tennessee Cmd. Iron & Rnilnmd Co. T, and the American Steel & 
Wire Co. 32. Tn some cases the plants uf a company are grouped 
within n radius of a few miles, in others they are located in us many 
as 10 or 12 States. While each company thus has its awn t-jifety or¬ 
ganization, which has been evolved (luring a ])eriwl of years, there 
(ire many features cmminon to all. Tlie following pages treat partie- 
ulnrh* of tho yrgauiz.atioii and methods usfcd in the American 
Steel & Wire Co., but it should 1 m' Iwrtie in mind that many of the 
demws and idcuii found in its plants were seciirwl from some of the 
other companies mentioned, ihmtigli the central cominittee of sjifety 
and the system of inter-company inspection. 

The American Steel Wire Co, has plants in Worceider, Miiss.; 
New Haven, Conn.; Trenton, N. J.; Pi1l?iburg, Donora, -\llentown. 
and Sharon, Pa,; Cleveland and Salem, Ohio; AiiderKOii, Ind,; De 
Kalb, Joilet, and Waukegan. III.; San Francisco, Cal.; and Hamil¬ 
ton, Canada. Its equipment includes docks and ore-handling ma- 
eliinery, blast fiirnac»>s, opon-beartb funiaces. Bessemer converters, 
blooming mills, plate mills, and r™l mills; finishing dcparlmentii for 
making nails, fence, market wire, etc., ns well as specialty depart¬ 
ments for springs, electric cables, rail Iwnds, wire rope, and flat wire. 
It ludoads a l>oat of ore from the Michigun mines at Its docks in 
Cloveland, reduces this to pig iron in its blapt fiimaccs, converts the 
iron into steel ingots tn o})eii-heflrth or Btissemer departments, rolls 
tliese ingots out into billets in n lilismilng mill, reduces the billets to 
a quarter-tneh rod in the rod mills, und draws this rtxJ down Into the 
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wiTv from whis‘h ymit wtitrh spring is t>r yuur teleplume etin- 

iipctetj up- 

Tn do tills there is i\ jp-ent vsiriety of miichinery, anil the problem 
of bnn^jig tliiai Gf|iilpnieiii itp to wppiroved idimdards of mul 

luiiiiUnitiiiig it in thb coiidilion is compHeHteti by the widely sep- 
urnted liKridinie? of tlie plants, llie logical uiitcome has Iseen to placi^ 
the n^sponsibility lnrg:ely in the pbuils tliemselTC^ with nver- 
si^rht and aHsi^itaiire as are to oblinii wntitsfiidory 

Aet^^irdingly, s|)e€ittl jnfipector!? have Ix'eii appointed aiid local Inspec- 
tinn etiiiiinittees organi^ecL ^Fliere are two of liiese committees in 
encli ihiUt one of wliieb is called Him foreuien^s eoimuittee/’' and the 
other tbe worktiienV comm it tee, 

liJCAl- COMHITITES, 

Tbe fore men's committee usnall}' iiiGliides die assistant siiperiii- 
lendetit uf the plunlt die master mecliaiikt cbkf eketriciiin^ and a 
(li!i[mi'tinedt foreman or twa Some of thr^ tiiembers are I'eiaineil 
[leniisinently on tha coinndLleij, ko Hi at they may grail iialJy become 
ediicHted to the fall sampe of the work. By changing one or two 
meiulH+i?i at Snterrab, imml^ers of fonmien riHanve the benefit of this 
eAfieriemv, It is the duty of tbe foreinen's cnizinuttee to make an 
iii>j|3ectu>ii of the plant, either sembiionthly or inotdhly, and timi in 
a written report; furthermore^ it gta-is ocef the recnnimcndatiiins of 
the workmenV commiliee^ wbieh reports weekly. 

*^nie VInrkiliens coiiimiltet^ b entirely distinct and is taken tvom 
the rank and file of our mill employees; for example^ lliore may i>e a 
marhinist^ an electriolain and a wire dniwor; or i\ roller, a millwriglit^ 
and m carjumter, etc?, Tlu*se men aiv selecttal by the snperinteiident 
in roiisnltiition with tlie foixmian fixim whose depardiienl tliey mn* 
taken, worknum of gmnl intelljgt?nw Unjig cJiosrii, wlm will take an 
interest and lie idde to Timke their work coiitit^ There are from two 
to four men in this workmen's eommittc^^ depending on the j^ixe of 
the plant; tliey i«?rve on the commillee for a inoirth, making one 
inwpcxdinu a w'tek, each inspection consiimijig abrnt ii day- At tbe 
end of the month oti etitli^ely tiew roiiuuittef* m appointed^ and Ixith 
the incoming and outgoing committee* meet with the superintendents 
w'liii expl]iin,s to them somettiiiig of liie object of their committee 
wmrk, Thca^ who have eompleteil their ienu of service are told dial 
they are to coiLsider Uiemsclves permanently on the safety commit¬ 
tee and (o fwl free at aiiy time to mention anything vvliieh they think 
conducive to their own safety or that of their feilovv employees. The 
men, pleased, of ctnir^, at the opportunity to meet the head of the 
plant* take considenible pride [ind interest in the safetv work and 
are coming to realize more fuUy its importance. Several auperin- 
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Estnt* that the earlv niemUTs of these PMumittcifi Ji-*‘ j^Ull 
tiHikint' sn{(:gestjoji9, anJ they undoubtedly bring up mniiy Lbiup; 
that otlion^iHe they would not mention nt atU 

The details of the eomuiittee orguniimtioii am left largely to tlie 
local mnnnci-rs, who adapt tlie scheme to local comUtioiw and brvng 
some of their own ideas into play. One Riijoi iiiteiident makes out 
the lists of workmen’s committees for several months ami posts ibein 
ill Uh- mill i«) that the men will see them and know some lime uheatl 
that (liev ore to serve on the committ«. He says that lUey like to 

their names used in tlib way, mid “ load up” in attvamv for tlu' 
time when they are to lagin this sen*Iee. At another plant it is ens- 
tomnry to have one niendwr of the foremen's com nut tee go ulxmt wit U 
the workmen’s commiltw. to explain and discuss any piiihlcnis which 
mav come up. IVbile then' ere these liK-al variations in the different 
nbiuts, the plan and scope of the work are the same ni all. Each 
eommiltOi: makes a wrilleu report of iU inspection, the TtK^mmcmla- 
liniiH of which are niinibeied, and llio iiumlier!} of uuy mct>m|>lcie 
item art! all shown on a monthly statement, until they have lioeri car- 
rieil out as nientltined later. 

Hiir expprii'tiw with these committees lias been uniformly satis¬ 
factory: beiH'lits accrue both from the actual n^conmiendatloiia and 
from the onliveiiKl interest which the men arc taking in safety 
appliances, A master iiu'^'lianie of one of the large plants S4iid a few 
days ago that he cun notice a decided change in the attitude of the 
men toward safetv matters since these commiltees were establi.shcd: 
that where he used to have difficulty in keeping any safeguards in 
pliice, the men are now looking out for lliem and helping ki'i'p them 
up. Some of the ihiiigs they bring to light are such as might esi apc 
an outside inspector in a dozen trips llirough the mill. For mstanco, 
one of tlic workmen’s committees recently called attention to a plat¬ 
form which was sfj planed thal when it rniued the water deflected 
back into the mixer building ” where nielteil imn is constantly Iving 
handled. Tills wiitcr lying in pool.s on the fltwir would cause, n serious 
explosion if hot rm-tnl were spilled into it. Other items refer to gi’m- 
covers which have been tliken off and not rcplaeed; to steam whirli 
forms in cold weiitlicr and obscures an o|Ten reservoir; to elevator 
gates which have l*een tied up so as to moke them inelTectlve; to 
plnct>s which are pmirly lighted at night, etc. 

Tlit'ir i\vv ^:ertjiif? claf^ of wiiiipinent tlitil require ftorongli 
tioi! m fiv(|iit»iit intervnlfi by mm uf spociitl traintiij^. who enn 
over tlieni in detail than is possible for tlic luill 

Ui tJiis class anc eloctrie tniveliug and loromotive ei^riiie^^ii engine 
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oleTAtors, shop equipment, cai^^ locomotives, etc., and for them Spe¬ 
cial inspectors have been appointed, who niaka ii weekly report on 
II print^ form. At present we bftvo nine such forms in use* The 
important parts ate all specifled and each part is checked off on the 
form as the inspector goes over the cranes* One of the hradingM 
requires the man who is operating" the machine to sdate his opinion 
UH to its safetVt and there ir a provision for stopping it at. once if any 
f^rioiitt defects arc found. There arc nt present 28 men engaged in 
smell official inspectioti in the Amalgamated Ktecd & Wire jilanL^, 
aside from the local committees. In the larger works this takes all 
of one man*s time, while in smaller ones two or thi'ce days or a week 
may be sufHcient, the inspector w^orking br a machinist, electrician, 
etc,, the rest of the time. 

The reports of foremen'g comiiiUtees^ worknicuV comniUtc=!cs^ am] 
safety inspectors are compiled once a mouth and copies to the 
general offices of the company. Thei^e stalemeiita include all new 
ItemSf and at the end of each report show the “ 'Recommendationfl com¬ 
pleted during current months-- Previous i^ommendatioiLg incom- 
pletcJ^ “Keconiiiiendfltion^ objectcfl to” if any, with reasotm for 
objection. This gives a nionthly survey, from whidi n good idea 
nmy be obtained of tbe general condition ami pi-ogre^ at each plant, 
arid additional pressure may be brouglit to bear whei^e the progress 
is not satisfactory. 

Aside from the practical value of the recommeudationB secured, 
theif is a moral effect m llib varied inspection which must not lie 
overlocdced* Tlie foremen, millwrights, and repairmen—all who nn^ 
in any way rcspon-sible for the condition of tlic machinery—are stimu- 
latod to greater care and attention in keeping everylliing in gocwl 
shape. The knowledge that any defects will be meuLiDne<] on an in¬ 
spection n?[>oTt (sometimes on two or three) each w^eck until the 
defect has been remedied or the delay investigated, undoubtedly docs 
much to prevent tardiness in carrying out this work. During the 
month of January, 1910^ there wena approsimatcly 1 JiOO sj^edfic rec- 
onuuendationB made by these difFerent inspectors and ins|M;climi com¬ 
mittees in the AmericAn Steel & Wire plants. Of dieso over 
500 bad been entirely completed before ihe end of the month, with 
luatcHal ordered and work under way on a grt^at many more. 

noiLiEa rLvNTK. 

In mills driven by sleg^m engines the boiler plant is the primary 
source of power. It generates steam whicli is piped to the engines^ 
and is a storehouse of energy so great that when ary mischance re¬ 
leases this energj' in the form of an esplosion buildings are demob 
ished ftnd lircs endangered. The pc^ibilitj of such catastrophes 
has hwn bo emphasized by repeated boiler explosions that most States 
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SAFETY PROVISIONS—BEYER. 

RuO tnunidpulUies huve laws iwiuirijig n sy£ft«matic jiapMliiMi of 
boilers by ttiilhorizetl inspectors. h\ the United Suites 8t«l Coqx>- 
ration tlTis is done by an outside in-spection eompatiy which makes a 
specialty of boiler insurance, eadi lioiler being thoroughly luspectei, 

at least once in sis months. , , , ii i 

Tn addition to thb iiisi>ection, which is directed mamJy to the de¬ 
tection of corrosion or defects which might lead to sn esj)l^on, many 
minor uirangenieiits can bo made to contribute to the safety of men 
whose duties reiiiiire tbeir presence in nml nlxinl boiler planis. > no 
failure of a part in a laiiler or steam pipe, iiwignificant in itself, din 
instnntiv involve men and machinery in a cloud of blinding vapor, 
so that ladders and pasaiigos that would be safe under noriiml 
tions may bring misforlune upon (lie workmen groping alxiiit with 
ineffective vision. Under sucb cojiditions prompt and unimpeddl 
accciis is ncetleii to overiiead valves and connections, stainvays being 
preferable to vertical or inclined ladders, and all stairways, walks, 
tops of iKiilers, etc., across which it is ncct^iT for workmen to pass 
aliould lie thoroughly pixjtected by handrails and well lighted. Plate 
1 shows stairw’ays in one of our lioiler plants. 

The arrangement of piping may be aurti as to form what is known 
as ft “water pocket,’’ that is, a ’"'I’*™ gathers from tdm 

condensation df the steam. The opening of a valve will shoot this 
water forward with sledge-hainnier efTwl, bringing disnrter to the 
pipin'' sj'stein or the machinen’ to which steam is furnished, and 
endangcHng the lives of «ll who may 1 k.‘ near. ater pockets should 
Ui gtmrdwi ogainstin designing « system of steam piping, but where 
oversigiit or necessity has brouglit id unit aucli a form-of isinstruction 
the danger lias been obviated by placing a “ drip ” in the water 
ijocket. that is, ft small drain with a valve through whirti the o1>jk‘- 
tionahle water may lie allowed to iiow from the piisc before a mam 

valve is opened. , . , *1 

Many plants atv provided with a tunnel underneath the Imiiers, 
til rough which, where coal fuel U usnI, the ashes are removed; not^ 
infrequently tliese tunnels are so arranged that there is a “ deed end, 
from which there h no means of egress A break which would let 
steam or hot water flow into the tunnel and cut off Ciscape by the one 
outlet provided would be liable to neald or suffoemte any workman 
wlm happened to be in this section of the tunnel. Six cmbcs of tim- 
nels witii “ dead einfa,” which have come under out oliservation ui 
the past two years, hare Iwoii corrected by providing udditiomil doors, 

ladders, or otlrer outlets. ■ t i 

Every' boiler is equipped with a gauge glass, that is a vertnail gJa^ 
tube about three-quarters of an inch in diuiueter, by wiiieh Uie height 
of tire w’ater in the boiler can be known. These glosses frettuent y 
break, as they are subjected to the Home steam pressure ns tlio boiler 
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whirh mnj lie frotn 100 to KiO pounds j)er t^juqrei inuli^ witli ii 
lenipenitiire of from 300* to 050^ F* When n Ijoiler tender opeh:^ 
the vnive after pirtting in a new gliisii it ih lialde to explode belnre 
his face like the cannon cracker which the boy celebraling tlie Fourth 
of Jnlj* holds Uk> hm^ afUtf and the rc55iilts are iruidi tlie 

Bame—more or less severe cuts and bnriis, mul p^isaihlo [lesiructton 
of his siglit. Danger from this source lias been eliininateil by usin^ 
the gauge-glass guard siiown in plate 2, figiii'es 1 and 2, lliis giiaril b 
made of shn^t steel, and can he turned in front of the gluS's when any¬ 
one h working about it. After the work b done it is swung aiYiiind. 
back of the gla-ss^ so im not to interfere with the view of the water. 

A nundier of unr boiler planta have Ijeen e(|uip[>ed wiili nonreluns 
valves^ wdiit^h only CHinie into play in case i>f im accidentH Tluu-e may 
be lO^QOO hoi-i^jjDwer of boilers connected into one piping sy^ttem, 
m tlnit if any pa it of a boiler or main ^eam pij>e fails this stonnl- 
iip energy will be i%'leiis«‘il with terrife f4>rce at the point where, the 
break occurs^ until valves cun l>e closed or lii'es drawn and the hoilei’^ 
cooled down. The nonreturn valve rlo^ autcaiuilicully in wl^ of 
accidents of this sort^ and thus hririg^ the system muler control with- 
out the risk which must lie taken by men going in to close the valvea 
by hand. 

Three connections are neceisnry fiir each lanler—one Uiroiiglt 
which water to he evaponited U adnutteii; a eonncHrfion from the 
boiler to the main piping throiigii which the steam is carried 
and a connection to a syatem of hIow‘-t>ltpl]iiiigHt so that tlw sedi- 
meiit which settl€s from the winter can be bhnvii out at intervals, 
Entran<^i 0 to a boiler is obtained by nieHiis of a ‘^manhole.'' wliidi 
is jimt alajul large enoiigh to enable an tiverage-^i^ 4 Y.l luaii to wrig¬ 
gle through comfortably—a procews wdiich can not be aocoinpli^^hed 
ven' quickly. Tims tbo tvoritinan who enters a iM>iler while ulher 
lK>ilersof the same plant are in nso ta neccaftarily id the ineny nf the 
men outside, as the accidental opening of n valve might result in lits 
gcirioiis scalding. There are lung renvs of ihc.Ke valves exactly alike, 
and tiiLsUkj^ arc liable to occur. To guard against this llie valves 
have been nunilicred and red wsming signs marked Danger—do 

not move^ ai'e hung on them wiien anyone is in a boiler. Wieiiover 
practicable it is made tlie duty of the man doing tlie work to place 
* these wElming signs. 

EXQINR INffTAlOU-VTlONa. 

The power which tarns the shafting and drives the machinery in 
our mills^ Ls fiimishecl chlelly by large steam engineff. These onlines 
have flywheels weighing from 25 to 75 tons each, running at a rim 
speeil of Dj.000 Or 6,000 feet per minute. Tiie energy stored in one of 
these wheels when operating is about c<juivalent to an average sLzed 
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STEEL GuAfib Show*( iJi Its Mormal 
PaWTjQN. 
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pafisenigRr l(M:oinotivt\ ruimiiig; sit tlm nite of iHO mllds an hour. If fin 
1^ iilhnveit (o speed arhlitioniil t*rierj>y is iiiipiirted U} the 
IlyTvIuHil iiriljl it biif'sh^ fiwii eeiitrifn^al fortw^ a power 

wdiich iJii^ht Ih=^ likeiied^ roii^rlilv, to n locoaiotive and n train of 
several cars |ih)uTuf: their way tliruu^h the mil] at the rate of 
*^n mile u uiiiode*^’ Tliis terrific fon>e in coniroUetl and hold in 
chwb !sy the "^overnor.^^ whirh is usually an arraiigemcut of two 
fly halls revolviii^t at a speed propurtiojuite I o that of the enj^nc, and 
aufoNiatirMlly iiciluciug or increasing llip steam supply* Certain 
parts llie ^n enior may break and eiiuse I he engine to raceJ' and 
if the enginn-ir can not j^el a viilv^e cIosmkI quickly enough the flywheel 
vnJI “ ex[}It>ik/* 

Thert‘ is a safety attachment on the gtJvei'noi% whieli is inLended to 
stop the engine in siir.-h emergencies^ luit engineerji fn’jqiiently allow 
this uttacliiiieiit to l>eccime inetTeciivc. On a single inspection trip, 
this was the ivsih JO out of Hi engiriefi oliHCrAcd* In one insLiitice 
a roll of Avast e Avas pi need under the gnvonior bracket—in nnotlier it 
wood IdcK'k Avas used—in otliers t!ic holts were clapiped so as to 
[irodiice the same result, in tAvo or three cases the man in clu^rge 
simply said he had forgot to fix it up after a shutdown. One 
giiiyhaiiTil engineer tjf jwrluiiw 50 yeim5 to wltom 1 spoke obout this 
condition, minimiml the danger, Sjiying. "*1 have been rimniog this 
engine now forsixycai^ ainl have never luid an accident/’ and yet on 
further quest inning lit admitted Unit such an accident might occur 
at any timCj due to thnt infiignifinmt handful of waste, and Uint 
probably he would he the first nian mjnred. Each of the men run¬ 
ning these engine?^ realized what might i-esnlt from their interfering 
with the iictEon of tfic governor, yet they all look the ehant^t^ Im^ausc 
it never had happcneiJ in their ex|K^rIenc!e. 

To imprtJAc nnitii^rs we are having^ couiitcrAveighted brackets placed 
under the engine gcJAemors, tluit tliey aviJ] diijp nut mitomatically 
Avlum the engine is running, witlmiit any ottention from the engineer, 
and ji wu itten nqiint is tinnJe weekly on one of the iiisficction blanks 
prerioujdy meritiutied* which sIioavk whether this seifcly feature h 
laung used or not. Ah mi additional safeguard^ pnieticidly uI1 the 
large engines in thiscoinpjmy have !a*en cc|ujii|iclI with aiituniatic stop 
valves hoA ing a speed limit attachment* The^ are intended to shut 
ilie engifie doAvn autoniaticuily Avhen it esewls a certain safe speed, 
iiiid the valve mny elos&l also by pushing nri electric hut ton iri 
various parts of the mill. At intervals liere and there in the diffeiviit 
departments theru ure little bine lighlSj eiicli of Avhich marks the 
local ion of a push hutlon for the engine stop system* Sometimes tlicy 
ore oti a culuinTif wmetlines suspended over a machine^ and there are 
anywhere from five or six np to forty or fifty of them in each sv^^tem. 
If a man caught in ttie nmehinery, or thene is w hreakdoAvn of any 
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tfortj UI 1 & of these buttons k pu^het}, which sliuts off the steuui Rtid 
ijtops the Xrorly one lunidmi of thc^ stops have l>een in* 

};tutloc1 in plants of the American Steel & Wire Coi. 

Tlie pudi buttons opera tv by electricity—imd the sum 11 ivircs wdiich 
curiy' tJie current to the ciigiim-rooui nmy be broken^ the puf^i buttons 
may be get out of ortlcr* or the batteries develo]) defects; here, if oiiy* 
where, ‘‘eternal vigilance'* Is the price of safety, ami we Lave ar- 
range<l that the daily ahnltiug down of the engini's shall be by means 
of these buttons, and that once a week each hiition shall be puNbed 
with a man at the engine throttle to see that It works prctjxjrly—the 
speed limit tried, tlie voltage of the hiilteries taken, and the lines 
tested for breaks; all of this being reported on a [irinted form. In 
several plaecis butter-fly vah'es have l>eeii pi need in steam lines to 
engines—^tbst is, a valve which closes instantly by pulling u lever, 
and chnins or wire ropes are caixied from this lever to convenlent 
points for stopping the engine from a distance. 

MOTUK KTOrS. 

In depart me Ills driven by elect rioitj-, we have motor stops cor¬ 
responding to the ffutomatir engine slops des('ril>i»l. In some case’s 
these are arranged to operate by push buttons, and in others a nipe 
k carried directlj’ from the machinery to the switch controlling tlie 
motor, so that the switch can be pulled b 3 '' meuns of the mpe in case 
of emergency. Plate ;i sliows a series of machines Imving a stoxi of 
this sort. There k nn operator irt each set of rolls. Itccon(l_v when 
one of them had his hand caught he cried out, and several of his 
fellow operators pulled the rnjjc with sucli vigor that the switch 
was tom bodil_v from the Ijoiird. Tlie motor was stopped so quirkiv 
that only the tips of the injured mnns Angers went into the roll^ 
whereas hk wliolo hand would undoubtedly have been crushed hut 
for thk safety stop. 


RLKITBIG l-RAVEUXO CRANES. 

Electric cranes Im^ l>een railed tlie “giant Inhorers” of the mills. 
Thev pick up a ladle weighing 20 lomq, with SO tons more of molten 
iron inside it, rarrj', and pour it as reiidilj' as if it were n cuji of tea. 
Heavy rolls and housings used in the milk are lift«l out and replacctl 
by them, and in many departments all of the *lirily tonnage is handled 
one or more timra by cranes. They nre excellent servants, but Boine- 
tiroes tliev' hlujider, and a ladle of steel upset ma}- mean disaster to a 
do3»ut men. There are gears and wheels which mangle; and 20, 30. 
40 feet of spiice underneath the man who fulls from a cnine hrid^. 

Some one has said that tho education of a diild ahouhl Ijegin with 
its gnindparents; ccrtamly the licst time to safeguaivl a crane k 
before it is bought. This method ran be used when new raachinerv 


—beyrr. 


221 


is Ix^ing obtsinod. and in ordrr to insure proper attention to these 
mattcra by crime builderSj standarrl E^afety specificationfi have been 
pre]>ftred for use in (jr^lermg new efiiiipment for the American Steel 
^ vVixe Co. These spec idea tioos pmTide for a foot walk on the side 
of the crane bridge^ with a toe t>oard along the edge of this walk; 
e:i:pos€wl gears are to be covered and overhung gear^ eliininstedH 
(Esaniplcs of these conditions are showm in pi. 4, figs. 1, 9); limit 
switches are mpiired to prevent a load being lifted too high and 
f»roaking away from the drum; a safety switch k to be placed on the 
upper part of the bridge ho that a workman can tiirow out this switch 
Lind prevent anyone .starting the crane from the call while he is at 
work; safety coupling:^, brakes, and bumpers are si^ecified; also a 
gong which the operator can ring to warn jinyone undenieath of tlie 
iippronrh of the crane; a brush or prong is i^uired which movea 
along tlie track in fount of the cmie wheel, and would push aside 
It liaiid or foot mting on the rail of the run>vay Iwfore it would be 
crushed i>y llie wheel. Wire ropes are also specified for boisting 
purposes instead of the chains which have Iwcn used largely in the 
past; the failure of a single link in a chain lurans dropping the load^ 
while i^'VCFiri members of a wire rope may be broken without inter¬ 
fering With its ser^'ice, and the broken strands give warning of weak- 
itesst which wmild not liO apparent iii a chain. 

One of the most iraportani safety provisions for a crane b a foot- 
walk on the bridge (see pi- 4. fig. 1)^ for the use of the crane operator, 
who must go all over hiA i^mne everj' day or two to oil and inspect it, 
and for the i^cpnitmen, who miist Imndle tools and remove and replace 
parts of the rmne* Where a footwalk is not provided^ it is necessary 
to walk on the upper etlg)t‘- of the girder, the stirfnce of which is 
bi^tcetH by a mil and broken up by riveis and bolis, and is, more¬ 
over, frt^pmntly .slipj>ery with grease or oil whidi dripii from tlie 
t>earings. If nientiot^ is maile at the time Uie onler is placed, any 
of the ^-tuiidard crane builders will fiimisli n foot walk on the crane; 
hut of conr"^ it adds slightly to the cost, and in view of the com* 
petitive bids on such work, it is only natural ihat the foot walk should 
be omitted if it is not distinctly specified. 

^Vhere these geiienil mutters have not been considered in designing 
and arranging the different parts of a crane^ it is difficult, and some¬ 
times impo^^slhle, for an operating rompany to make all of the alxive 
safety provisioiiB, but whenever practicable they arc being installed 
on our old c<|inpniGnt. 

FOB. WIJIE t>lL\WlNCi fX^lilPSIKST. 

Plate fl shows the arrangement of a modern wire mill. A of 
i'ikIs or wire is placed on a reel, frotn which it is drawn through a 
die to » revolving block, the owning in the die being aiuoller than 
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the original wLnv m as to decrease its ilininetfr. It ts poj^sible by 
this prnt^Eis of cold drawing to reduce a qiiurter-inch rod lo the 
thiclvDeBs of a hatr—that- is, mie or iwn thousandtlis of an iticli- 

There are Knenil thiugs which may tm'rtiT to etulanger tlie wire 
dnvwcr: If the wire dneti not uncoil freely the reel luiiy be (Irnggetl 
forward and cm&h liini agnlust the frame of the tuucIutic? i\ loop 
may s^yriiig over the top of the reel and catch his arm or font, m that 
if the bhx’k is imt stopped promptly the loop will tighten wnd Incer- 
ate, or even cut. off tlie rtieniber; or tlio w'im may liretik, and the 
flying end put out pm eye or cau^« a scratch or puncture w'ound fmni 
wbieli bhapd prasoiiing Jiuiy rejiult. 

In all of turr wire mills some form of a stop has la^eli put iiu A 
miniber of tfilferent nppIk^Atinns of d were ossmiddiHi on one dj'iiw- 
ing and prints sent to i.aih [dard. It b simple rtud efTt^dive, llie 
only ohjertions 1o it being the amount of thK>r space it cpceupies iind 
the second's? time it taken to jdsice tlie wire ihrough the lever^ It miiy 
save an anii, an eye, or even a life—ancl yet scaiic of the workmen 
have broken them olL others have refused to use tiicrii, iind after a 
campaign of several veal's along this tine one neviT gfpes into n mill 
without seeing some places w^iere fhe operators carry the wire |>ast 
tlie safety lever wdthoid using it. 

nAKim" rFUJviHioNs^ 

In afkiitioh lo the inon? eonunon foniis of protcctioiu such as the 
cliEiiination of proji?eting set screws, covering of gears (pi. tj), erect¬ 
ing of fadings^ etc,, there are a grad ntany previsions which conhl 
not be descrilxd in debdl in nu Jirtfclc of this sijrt. ihm of the diui- 
geroiis occiipatiorni in the jiiili is that of oiling sliuftiug and insichin- 
vry, Wtuu’Wer prncEicable. ariiiiigemeids halve bwm nniile to do this 
while the Cfiuipment Is not in opendton; in some case.s oil nans are 
iifled, having light spends 10 or 13 fetd king, which entdile ai num to 
oil overheail shafiiug withcnit Icitvlng the flcKir; in other cases railed 
walks have lx»en erected along lines of shafting,, so tfuit the hearings 
may bo reached w ithout uiinep^essjiry risk or inrenvenicncc. 

Standard scaifold-s with liaiidHiils are |jrnvlilcil fur the of 
pnintcrsp riggers, et(.L, ami a "painter'^ chair'" has Iwtui designed 
which has a safety Iwlt, so that if a loan w^cre to full out of tiie seat 
ilie Ixdt would slill hold liiiii, UuKvs regarding the constructiDii^ 
inspection, and testing of this diuipmcnt have been posted in all of the 
shops wbcrOi siirli appliances nre Iiscib 

Coimtenveights Lire l>oing lanxed so that lhe_v can not fall on any¬ 
one in ca.'^ a rope or chain hradts; ctjvers and sldclds arc provided 
for emery grinders (]>L 7) ; safety slops of various kinds are arnutgrtl 
to enable machines to be shut dow n quickly in anyone h caught j 
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hlHek^mith's tools ttre inspected to see that the edges arc? not allow^ed 
to ^niTishrooTTiuntil some one is struck with n flying chip; storage 
yoivl^ uiv inspected to Fee that material is not piled too close to the 
trucks; phiner Ijcds ere coverefl in the machine sliops; and safety 
i\'IinderH provided for all jointers in cnrpenter shops. 

Accidents which or^mr are studied with a view of determining 
meiujs for preventing F^imiUr accidents, nnd a constant effort bmnde 
tcF anticipate dlinger In any foriu lieforc It results in an accident. 

Lieneiiil specitication^T rules, drawings, and pUotograpltH of stand¬ 
ard appliances ore being compiled in if handbook, which it is in¬ 
tended shad lie to iho safety ins|>ct^tor what I ho staiidurd referenco 
liiriiks aix' In Hie engineer t ihose handlHaikH will ixn fiirnishod to those 
who are iies|x>iisibk fur the design, iccftalJation, and tiinintonauoc of 
iH^Liipinent in our inilis. 


NJrlW 

In emuiiig ii new phint or in making extoiLsions to an old one, 
niucli of the nincluiiety is Ixinghl in practically cuiiipleted funii from 
uuti^ide iijaiiiifarturers. liVhen gear covers, etc,, have to be adapted to 
old niiiddne^ the are always mure or less ii iisat is factory; the 

HiTongeiiieJit nmy be such as to afford no adequate means for attach¬ 
ing a gufml, or a cover wliicli protects one part of the machine may 
interfere wiih some fd the other working parts. Tliese difficuUtes 
ran aJ] las avoided if sufliciciit though! nrui attention are given to 
safety ouijfiderntioiis when new machinery is being designed, as the 
dijreieiit parts can then tw arranged mosi advantageously. In plan- 
nitig II new plant, the drawings are all clieckefl over to sec that !ho 
latest safety provisions have UHFn included; the following note was 
iiiseptcd in n mninui prepartHl I'ecently for a mill to be erected by the 
American Sice] Wire Co. ? 

t^ret^uHMItiji uf rtiiiialk'i^ ci>ii;ina}.f«;, coMari^^ set srrewo. keys^ etc. wUl 

hf cnveml fts fully jiis |H>xH|tFle la rhe Oniwlti;^ wtllrli we fiinilsh, bat it lu 
rPiTHli-rRliMht thill ilii'w. n-citcrew »tmll lje Kul>Ject to the npproval of onr limTwlore. 
who whatl liuvL^ freu at all tlaiea to the uiachiaery wMIe It 1 b Ln prthjesB 

of eonKEracilcjil uml em-tlun. 

In adtlitinn lu the detailetl speoifif^tions for various of 

equiptiM?iit,eaeh of our piiri!}iasing agents bjU4 been su|rplicd with ihe 
following stamp, witli the object nf further stimulating interest in 
snfeguanLls on the part, of machinery builders: 

for Rafeauartlhip? workiTicii Hhciuld be hrouj^ht to our utteutiau. ah 
wu wJH coQ^hliT them Jtt sseicvtina atw niachliioTy' eaalrmetit^ 

Tlua notitxi is ^ntumpcd on ciwresfyaidence, and die resnltiTi which 
arc akeady in evidence sho%v that it is having a liicneOcial effcjct, frojii 
which oLher comj^a riles w^Ul profit a a wall as our own. 


224 AKSTJAL REPORT SMITHEMISIAN IN’STlTUTIQN, IfllO. 

The domund for more lliuruiigh safety precfiutiorvs is beroiidiig 
itsoognisted by manufactui-eis genemUy. and, when retiii&rted, most of 
them will furnish very good forms of protection. Plate 8 illustrates 
the improvement which is toeing nmde in mnehine tools and crane 
design; where open gears were the rule a few veers ago, everything 
is now smoothly covered, and the gearing is practically invisible. 


tut: IfUllAN m.EMKST. 

From statistics which Imi'e been prepared Ijotb In this countin' and 
in tlcrinnny.it would appear tliat alxnit onc-thirtl of (he total number 
of industrial [iccidents are attributable in whole or in pari directly to 
carelessness or negligence on the part of the workers theniselv'cf'. fn 
other words, a cotisidcrnhle pereentiigc of the accidents which occur 
can lie charged to the human clement and can not bo proven tod liy 
mechanical safeguards. Tf they are to be matorlally reduced, they re¬ 
quire other treatment. 

The prohleni hero is largely a psychological one, and we are work¬ 
ing on it in a number of iliJferent ways. Men are prone to take 
diances, and it is not surprising if the same spirit which causes one 
liian to ignore a cold until pneumonia succeeds it. or to risk his liomo 
in the stock market, causes another to take reckless liberties with a 
red-hot rod. Anyone who has watched a gang of structnral workers 
20 .stories in the air scaling the steel cohimns of a new hnilding must 
be impressed with the needless risks that these men take. 

Me are endeavoring to bring about n change of sentiment among 
the workmen—to nuiko them realize that it is quite as worthy and 
honorahlc to be careftil and not to take such risks, na it is to assume 
the reckless, dare-devil nttitudo that is often found. There are din¬ 
ing rooms in practically all of our plants where the foremen assemble 
for lunch, with a more or less informal business ineetiug after the 
meal. lte[K»rb> of accidenta are discussed here, letters of instnietions 
and general safety n'commeiulathinM are taken up; talks are given; 
and 11 rODiilant effort is made tu impress upon the foremen their re- 
spoufibility in warning the men in their charge, or cautioning them 
when they see them in any datigrrous practice, 

Mhen the men receive their pay envelojms they find little “ser- 
iiiQuettes printed on the back of the enve1o|>cs, urging them to take 
care for the safety of theiiuielvcs and others. These are placed also on 
certain printed form.s which are used largely in the tiiills, such as the 
Klieets on which the time distrihution of the men is recorded and those 
on which requisitions for inateHal are filled nut. Tlie following 
wordings are a few of those which have been used for this purpose; 

ttu' «erelBe of euro m prevent -irelilmita U n iluty which y™ owe to rear 

nnd vtiur fiOlnir tTiiploywK, ^ 

ba cutuful and Uke co rlekfl. 
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View in Nail Mill, Showing Safetv hooos OvEii E'merv Ghinuer^ whijCh are 
Flanoed Out of a solid PseoE of Steel Plate, 

Tlite E>43t inwIJc iiiii« Ni Ih IiI diiwii ii twIiRif tm'd. 

^ ^firlFuc ihv MVi^rli-Lwl bell im H> tiin ■■ 1s=w" pulkey^ 

f^JrliT BUlJinHltlnilli-. Wiilli^ r«MfcllH-r^ wIH In? firttrtl In Nft- ffiL^sw lit this tnpfrf IfcU trir^ 
Ml tiki- thtfv ftri.*- fvpn'ijil Ilk yidllk tkjkTdiL AltbuUK^i plitrt o-T n’kilinpi- App- 
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CuFelei^ni^BB ns to iXtp of yonrt^lf or atlipn? wMl h& BuiSeic^nt enu90 

fur diioiaiijetiiL 

The PKirt! Ycm lualrtE iiiwn aire-fuJBi!Ai on iLi^ \va,n ot ns well n* exer- 

It yoisniivlf, thi^ luifvr It will lio fur nil, 

nil injniit'tas huwt?tt«r tiivlnl; bl-t^Kl ]K»lei:ifiin^ Is ibe reifuit of ncsIeciaJ 

wcnaondijr.^ 

K<?iiliziiig tlint wliat IS saTneiitnes olassetl Hii mny be 

morelj thoiightlefsni^ nr luck of undci^tiinding, siguB iirc i>Qsled in 
the finllH which nro intended tu keep the iiecessity for cnution ffcsh 
in the mind. Following a ncAv^pnper uccount of nn accident in £iii 
outside ornpany^ whcrct three men were crushed to death in the air 
cylinder of a blowing engine, tiiia notice wafi posttnl in each of the 
blowing engifie rooni.^ of the American Steel ^ \vir& Co,: 

NoTitJx-—All personE arc pcMlttvely fort>lildou te enter an nlf cjltniier of a 
lilnwInB ea^ne until aywhis:!lE havu boen Htirurely bluck^ to ptnt-cnt posEl' 
Mllty €f eni^lne turning ove?, 

- "-n 


Signs are placed at ladders or passage way a leading to crane run- 
wavs^ instructing meu lo notify tbe crane o{>eiratiir Ijefore doing any 
vrnrk on a crime; watiiing signs are hung on valves, H^vheUety and 
controlling levers of various kinds of ruachinerj^ to guard against 
their lieiiig started wliile the men are working where tliey might be 
injui'ed; notices an? placed at railroad croy^emgs and along tracks, in 
freight elevators- and in other places where they w iU attract inten¬ 
tion to [m^ibLa ilangcr^, 

Piute 8^ figcire U shows the warning sign which h iiseii fur milk¬ 
ing electrical eipiipiiicnt. It is printed in six languages and is sur¬ 
mounted by liranching lines of red liglitiiifig*'^ which ought to ninka 
it univer^Hall}' luiderstond. The smaller sign at the top of ilie pictiii^^ 
markeil Danger—Keep away,^" is made of nonconducling Kber and 
is hung over tlie controlling switch to show timt it should not be 
operated. 

li is diflicult to get the men to exercise the continued t!are wdiich is 
nece^iry to guard agiiitist aocidenu. It has Wn said tlmt “ famil¬ 
iarity breeds conteni]>t,’^ and this is nowhere more strikingly demon- 
siraled than in the milk. 

While investigating a case recently, where the general foreman of 
n rod mill was injured, one of this miin^s as.^ist4nts took me to the 
location in the tniU whore the accident had occurred* .stepping over 
running lines of refl-hot rods to reach tlie exact spot. He explained 
that a guard of wire ncLttng had ln^cn placed at the rolls* irbich ivas 
supposedly line enongli in mesh to prevent a rod going through it. 

1 Tbl# li IqtfiDai^ to fuicokinigw Uie eqi^d to- ii» -of Ibc hoipItaJ fii^lillleii d^Kf JbcH.l 
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By It p<e<riili»r dumoi** howevi^r, il rod whicU was exactly tli^ ?sime 
dkmeler as tUe D{>aning in tUc mesh stniek llie surLH!ii fiiirly ami went 
slmiglit thmugli it^ injuring the iii&n i^tcindiiig in With lliLs 

entastrophe thus? vitiJIy l>efo'nj hinu my guide stalled to h1u>w me 
another part of the iiiill, h»t iiisteiid of going round aliout soniewiinl 
as ho luiglit have done, he went direetly along ji line of guide plfics 
through which hot rods were running nt the rate rd 14 W feet a niin- 
nlo* In clcHiig so. lie said npolug^-tioJly, ^ We^tl heller hurry hort^ ns 
a rod somel lines jump; from tlie pipes, •• [fa loadeil rifle were 
mounted in ti mill ond arranged to dischavgo nt uncertain iutcnnls^ 
a nion who passed in front of it would be ronsidured foolislif iiud y^t 
this is practically what some men are doing cliiily in the uiitls. 

I Irttc-r talked to llio injured foreman and he assured me that he 
had Lieen positive that the screen w'as fine enough to ^top anything 
which would lx* rolled Lliero and had lieen greatly siirpri%^ed to find 
ihal ihe rod could get tlirough; ho saw if coming and tri^ d to 
dodge it* hut wsis not quick enough. As it was. hr esrnjied very 
forttiiiutely from what might have lieen ti faml iiijurr- Although tho 
hot mi practitidly passiKl through Ins Ijody, penetrating a lung in 
its course^ ho was in the hospital hut two weeks and was buck at bis 
regular dut!^ ill the mill four months later. 

Any one who is faniilkr with mill conditions, orj to put it more 
bnjndlyj who knows sometlLinff of liuinan nature^ rculiKcs how'diflicult 
it is to change the uccustomed method of doing things. Whvn a 
safety apjiiianco is instailcd it may involve some inconvenience to tho 
workmen—it requires adjustment and repaint—at least, it is .^ine- 
thiiig new, and the man who has Incch getting along witliout it for 
several years is generally against it. If he ha.H never seen an accident 
of the kind iu question it a verj' remote pcT^iSibiltly to him. 

It is n slow pnicfess of etlucafinn!, but by continued ogituHon. by 
thorough inspection in which oflicinls and workmen join for tlie 
common gcKid* by comnionding what is good find holding it up as a 
model for nil, the ii^nndiird of safety conditions is being steadily 
raised, 

aiarnTS, 

In considering the results of this work a comparison nf the number 
of accidents occurring in tlie diJTereiit mills shows niiioh irTeguhi,rSty, 
A large perceJitage nf reduction was made In some plants in IPfltO lus 
compared witJn the |ireccding year, but very little change appearetl 
in others where an equal effort w as made to improve conditions, I he 
total nuiulasr of accideniSt however, is n very indefinite slMndai'd of 
comjiarison for several reasons. Slight iu|uries= 7 , of wdiicli no notice 
was taken n few years ago, are now rejiorte^l : a particle of emery duht 
in the eye or an insignifieaut scratch on the bund may beconu? in¬ 
fected later and develop s^ious complications, so that greater cm- 
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phasic is pliiixd oji liavin^ all such cases nBported promptly and hu%'^- 
ing^ proper attention given ihenit even though no time is lost b^' the 
mnn atTected. 

One is imprtsvsed with the c&pricionKiii'sg of fate when confronted 
%vith till! [^eeuiiar tvnya in whtdi iii'citlent^ occur. An inijnacer Imd 
started lioiue erne evening at the end of the luriu but slopi^ed for n 
momcfit to explain to the night man why lie had been five minuter 
late in going on rJnty that nioming: in doing m he pbcctl his elbow 
on die rjjil of the engine eylinder, und just at tluit nujinent the von- 
nocLLiig rod broke im^l the cylinder head was knocked out, injuring 
bina fatally. In Hepterober^ ItthUT tliere three isjiolaled fatal acci¬ 
dents in one of the l^ittsbnrg inills^ while Lhere was none in all of the 
other 30 odd plants of the American Stoo-l S: ’^^''jrc Co,; in the 
succeeding mordh two men niot fatal iiijmw' in ono of the Cleveland 
mills* wlrik^ as Ijofore, tJiesc were Llie only fatalities for the entire 
eoiiipojiy. 

On the other hand^ there are quite as striking instances wltere w hat 
might have i>tfen serious eatnstrophes have psissed olf bsmilessly. In 
one of our plants there is a group of machines in a Vuiilding adjacent 
to the IwUer plant: a couple of years ago the main belt furnishing 
jKiwer to fJjcsi’i machines brcike about rnidnigbl* ond it was dccidcil 
thiLl it wus useless to try to refoiir the belt ihiLt niglit, so the men were 
t^ent home, A little later u high windj which was blowing, loro down 
tile ixjiler stacks^ and tJiey fell over the bin!ding in wliicb these incu 
hud been employed a nhort time before; pnHs of the wall tvere 
knocked clow'u and a sect ion of the roof fell in. The next ntorniug 
the heavy beams ai;d tirnbers which were bdng over these machines 
indicated wliat might have i'es4iU<.N:i if that main licit Imd not snapped 
and the men had remained at work, Xotw ithstundUig the hint that 
two buildings were w'recked, and a IG-incti nteam niain was broken 
in tlio boiler plant, no one was iiijnriKh 

Such ot!cuiTei3ces Lnlroduce a large ekmeut of chance, which tenik 
to invalidate any comparison from montli to month* or year to yenrj 
and the plants are lining constantly exlendcdt giving tin increasing 
numlier of ein|iloyecs to be considered. With these varying factors 
it would require n detailed stud^' anti analj'sis of classified injuries, 
e,vlending over n period of years, to give imy convincing statistical 
infomialion as to the decrease effected; and so for we have been con¬ 
centrating Oil the active W{>rk of accident preventionj mther than on 
theoredral reseaivih of tins nature. 

Wa arc venr certain, hnw’ever, as to the results^ tuid numerous 
specific instances which might be cited give definite dues as to wimt 
is being accompIiBhed* In one of our eastern plants, power is fur- 
nishefl to three floors of a wire mill by a motor located in the base- 
nienl. Wc planned an installation of push buttons for stopping the 
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motor from the difl'ercnt Hoora. but bad cojJsSdemble difficulty in 
ptttiut' n Bafo lUTAogemeiit on nccount of the f«ct that a high-voltage 
current was u.^. For several months exporimentul work was con¬ 
ducted and various devices and espiedients were tried^ until linally a 
satis fat-lorj' nn-angoment was stt’iirciU Shortly after the instalhilion 
was coiiipleted an operator was caught on the second floor of the 
huihUng and was drawn to the block; his assistant pushed n bult<m 
ubd stopper] the uiaciiitieiy almost iustntitly, preveniiiig anv serious 
injui'y. ^ ithout the stopping device this man would jjroiiably have 
been killed, as it would have Iwen necessary to go froiii the second 
tloor to the bast-ment to shut down the niolor. There have been three 
specific instances in the last year whore these motor stops Imve lieen 
similarly effective. 

Them hjtve been sevenil cases during the same j>eriod when' acci¬ 
dents have occurred in places cot'cncd bj' recommendations of safety 
inspertors, before these places could be safegnarded, showing con¬ 
clusively that it is possible to anticipate trouble of this sort. Dur¬ 
ing an inspection tour of a plant outside the American Steel & Wire 
Co. the writer went over varitms features of the electrical installation 
witli the chief electrician of the plant; among other points which w ere 
nientioucrl w'as the provision of sweep hrushea in front of the crane 
wheels, ns some of the cranes had these while others did not. The 
electrician acknowledged the value of this device, and said that it 
would ho placed on all c;ran«^ as promptly as possible. The day fol¬ 
lowing n man had his ann cut off by one of the iitiprotoeted cranes; 
ho was holding H» the girder witlx his arm across tlin track while 
adjusting an electric wire and Ima failed to notify the crane operator 
that be was there. If the crane had lieen equipped with brwshcs the 
most .serious result, regardless of his lack of ordina 47 precaution, 
would ha^iD been a fall of about si-v feet to a platform. Xiimeroiis 
instaurcs of this airt could be cited, and while it is generally impos¬ 
sible to point out a particular safeguard and say it has pWvented 
an accident, it is obvious that, the thousands of protective devices 
w'hich have IxMiii mstalloj in the various plants of the company must 
frequently prevent injuries wliicii would otherwise occur. 

liEUEK OBOAXIKATtOKS, 

In concluding it might be w'ell to mention briefly the methods used 
by tlie American Steel ■& Wire Co. in curing for injured men and 
those who arc incapacitated by sickness or who have reached the aae 
limit for retirement. * 

There w an emeigcncy hospital at each plont to give prompt aid 
to tlm injured; these hospitals are fully equipped with surgical iq- 
stnunents, dressings, beds, etc., and each is in charge of a competent 
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surgiecm paid hy the company. In the larger plant£i, wliere cimim- 
b'tanees warrant nurses are in constant attcndajict'. Very serious 
cases are sent to the public hospitals at the com|jany'^ expense, and 
all injured men ano cared for until they have fully rcco^eredj irre- 
Hpective of the manner in which their injunes were rccdTe<l. In 
cases of prolonged disability Unoncial assistance is given to the m- 
jiired man^ aoeordijig to the merits of the cose, based on his pgc^ 
family relations, and record as to term of service and faithfulness* 
These injury beiiehta are dispensetl efpiitably wiDioiit cotisidemtion 
as to whether the company is legall}^ responsible for the injury or not* 

In each plant there is a mill Conimittecy'’ compiKsed cliietly of 
foremen, whose duty' it is to seek out and visit faithful employeea 
who may have become sack and destitute* This cojimiiltee investi¬ 
gates mdi cases and makes recommendatioris for dnancial relief for 
UiQse whom it considens deserving* During the year I90ft more than 
$T,D00 was distributed gratuitously in this way by the j\jiiericaii 
Steel Wire Co* 

There is, in addition, ik pensiou department, which was established 
in January, 1002. Pensions arc granted to cmploycei^ who have 
readied the oge of G5 and who have l)een in the sendee of the com¬ 
pany, or any of iU preclecKsors* for 15 yeai^; also to any who have 
reached the age of 55 and are physically disqualified for further serv- 
loe, providing they have been employed the preceding 10 con^tecutive 
years. 

The following uniform method is used in computiiig the amount 
of lliese pensions: For each year of sen ice, 1 per cent of the aver¬ 
age monthly pay for the 10 years jireceding reLirementj is allowed; 
fesr example, a man who has been m the service of the company for 
40 years, and bus drawn an average of $75 a month for tlie last 10 
years, xvould receive 40 per cent of $75 or $30 a month pension. 
FcniilGnej^ are allowed to seek emploviiieiit elsewhere if they desire, 
and the utmost freedom of travel and residence h given them. In 
1000 the American Steel & W'm Cci had 410 retin-id pensioners, 
some of them l>cing locateil in England, Ireland, and Sweden, be¬ 
sides various parts of the United States; they rec'eive in pensiomi dur- 
ing the year a total of $55,712, The penrion fund h maitituineil en¬ 
tirely by the company, w ithout a^ssment or contribution from tlie 
employees. 
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Tin-: TSOI.ATIOX OF .AN" lOJv, A PRECIS lOX IfEASURE- 
MEXT OF ITS CTIAROE, AND THE CORRECTION OF 
STOKES’S LAW.^ 


Ity ft- Milliiuh^ 


IS 'TifcinrcTroy. 


Ill fi prpctdifig pnjjci* ■ 11 methotl of meiisiirin^ the elementarv elec- 
trif-rti charge woa ]ireseiitet 3 which dilfcred essentinlJv from methods 
whicli hnd bccu used by earlier obserrers unly in thiit flU of (he uieiuj- 
urcmejits from which the cliarga was deduced were mnde itpcm otie 
individiin! disrged carrier. This tnodificjition elimiiiiitiKi the chief 
Muiroes of imccrtttinty which inhered in preceding detemiinations by 
similnt* methods sndi as thof« made by Sir doseph Thomson * IL A. 
H ikon,* Ehrejihiift,® and Uroglie/ all of ivhoin hud deduced the clo- 
mentar}' charge from the average hehdvior in electrical and gravita¬ 
tional lields of s^viirms of charged particles. 

File method used in the former work consisted ctsscntiallv in ctitcli- 
itig ions by T. R. W ilsonk metJiod on droplets of water or ahaihol, 
in then isolating hy a suitable arrungement a single one of these 
drofdets, and meusuritig its speed first in a verticni electrical and 
gravitational field combined, then in a gravitationul field ahme," 

The sources of error or uncertainty which still inhered in the 
method art>!K from: (1) The lack of complete stagnancy in tUo air 
thiv>ugh which the <lrop moved; (2) the liujk of ]x?rfect imifoniiity 
in the electricwl field used: (3) the gradual evap<iriitlon of the 
(Irops, nmdering it impossible to hold a given drop under ottserva- 
tlori for more than a minute, or to time the drop as it fell under 
griirity alone through a period of more than five or six seconds; 
f-l) the assmuption of the exact validity of Stokes's law for the drops 
uwhI. rlie present modificatioa of the inetliod is not only entirely 
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fivo from all of these limitfltions, but it constitutes an entirelv new 
WQV of Btildi’ing iotiiisntittn and one which svcnis to be capable of 
.viettluig itnportnnt resiilLs in n considerable niimlwr of directions. 

AVitb its aid il baa already iiecn found possible— 

1. To catdi upon a minute droplet of oil and to hold under oljservH' 
lion for an indefinite length of time one single atinosphcric ion or any 
desirwl number of audri ions between 1 and lyO. 

2. To present direct and tangible demonstration, llipoiigb tlie 
study of tbe behavior in electrical aud gravitaiioTtal fields of tbi« 
oil drop, carrying its captured ions, of the correctneBs of the view 
advanced many years ago and siipporteti by evidence from many 
sources thal all electrical charges, bowc^'er produced, are exact 
multiples of one definite- elementary electrical cliargc; or, in other 
wonls, tliut ail electrical charge, instead of being spread uniformly 
over^lhe charged surface has a dednito graiiulur structure, ctiniii.st' 
ing, in fact, of an exact number of specks or atoms of electricity, all 
precisely alike, peppered over the surface of the clinrgctl body. 

3. To make an exact dctermmntion of the value of tlie elementary 
electrical charge which is free from all questiomibic tiieoretieal 
asHUmptions and Is limited in accuracy only by Ibat atlaiimbk in 
tbo measureiiifliit of tbe coeffieicut of viscosity of air. 

4. To observe directly the order of mognitude of tbe kinefie 
energy of ugitation of a moktiile, and llius to bring forward new 
direct and most cunvinciiig evidence of tbe correctness of the kinetic 
theory of mutter. 

5. To denionstnite that the great niiijority. If not all, of tho ions of 
ionized air, of Ixith positive and negative sigm, cany tlie ekmentarv 
eleetricftl 

G, To show that Stokes’s kw for the motion of a small sphere 
through u resisting medium, breaks dosvn as the diameter of tho 
sphere Womos couiparuhk with the mean free path of the molecules 
of the mediimi, and to determine the exact wav in whicli it breaka 
down. 


TIJK SfETHOD. 


m tlie method coti-Riatft in re|ilitf!jiig' 
the drtjplpt of water or iticobol by onn of oi], mercury, nr some other 
nonvolotib sutwtuiice and in introducing it mlo the obser^nng simco 
111 u new \vu3". 

Figure 1 shows the apparatus used in tho following exiwriiuents. 
^ of n commereiiil “ atoinizer ' A a cloud of fine droplets of 
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oil is blown with the aid of dust-free air into the dust-free cUamber 
C, One or more of the droplets of this cloud is allowed to fall 
tlirough o pinhole p into tlie space between the plates II, S' of a hori¬ 
zontal air condenser and tlie piuliolo is then dosed by means of an 
electron!ognetLcally operated ooix^r not shown in the diagram. If 
the pinliole is left open air enrreuLs are likely to pafss through it and 
produce irregularitiesL The plates M, N are heavy, cireularj ribhod 
bra^ castings S£ centimeters in diameter having surfaces which are 
ground bo nearly to true planes that the error is nowhere more than 
0.02 millimeter. These planes are held eiaetly 16 millimeterg apart 
by means of tlirce small ebonite posts a held firmly in place by ebo¬ 
nite screws. j\, strip of tliln short ebonite c passes entirely around 



the plates, thus forming a compietely enclosed air space. Three glass 
windows, l.S centimeters square, are placed in tlm ebonite strip at the 
angular positions 0", 165'>, and 1S0“. A narrow parallel beam of 
light from an arc lamp enters the condenser through the fitiit window 
and enierges through the last. The other window serves for obsciw- 
ing, with the aid of a short focus telescope placed about 2 feet distant, 
illuminated oil droplet os U Goate in the air between the plates. 
The* npp^iirancc of itiia drop js that of (i hrilliont star oti n bl^ck 
biickj^und. It falls, of course, under the aetioti of pruvltf^ toward 
the lower plnte; hat before it it, an electrical field of streoglh 

between 3^000 volts uud S.OOO volts per centimeter is created between. 
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the pkt€« by mpiins of die liattery B, und, if the droplet had mceii'ed 
a frictional charge of the proper sign and strengili as it a as blown 
out through the atoauKer, it is piilled np by this field against gravity, 
toward the upper plate* Before it etrilces it the platen are short- 
circuited hy means of tlie switch S and the time ivrjttired by tlie drop 
to fail under gravity tiie distance corres|K}iiding to the spare between 
the cross hairs of the obsendng telescope is accuralcly deterndned. 
Then the rate at whidi the droplet moves up under the influeure of 
the Bdd 13 meftsured by timing it through tlie same distance when tlie 
field is on* This operotion Is repeated and the speeds checked an in¬ 
definite number of times, or until the droplet catches an ion friim 
among those which exist iiominlly in air, or which have been pro- 
duced in tlie spee between the plates by any of the usual ionisdng 
agents like radtuni or X rn3’!^ The fact that nn ion Ims been caught, 
and the exact instant at which tlie event happened is signstJed to 
the observer bj' the change in the speed of the droplet under the in- 
dnence of the field, From the sign ond mttgnkudc of this change 
in ap^, taken in connection with the constont speed under gravi^, 
the aign and the exact value of the charge carried by the capturwl ion 
am determined. The error in a single observation need not exceed 
one-Uiird of I per cent. It is from the values of the spretls obsen ed 
that all of the conclusions above mentioned are directly and simply 
deduced* 

liie experiment la particularly striking when, as often happens, 
the droplet carries bnt one ebmentitry charge and then by the 
eapluro of an ion of oppt^jte aign is completely neutiiiliacfl, so that 
its speed is altogether imtiffected by the field, Jn this case the 
computdtl charge is itself the cliaTge on the captured ion. 

The measurement of tlie distance between the cross Iiaiix, correct 
to about 0.01 mm,, ia mado by means of a standard wuile placed ver¬ 
tically at exactly the same distance from the telescope as tlie pin¬ 
hole p, ^ 


Tiir. oHa'inroN or tux aKi,sTnK valubs op Tita riiAimrjs c-vssTiii ht a 

GUTS PJtt'Mjrr. 

Tljc relations list wren the njipareat mass' #». of a drop, the chaige 
c., which it eames. its sia-cd. r, under gravity, and its speed y, under 

the influence of an elretrira] field of strength F, are given bv the 
simpfe etj Lint ion 
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Tills e^juAtion involves no as^imption wlintever save that the speecJ 
of the drop is prot>ortional to the force actiug upoii it, an assmiip- 
tion which is fullv and aocnratoly tested evjierimentally So the fol¬ 
lowing' wort. Fuithermore^ equation ( 1 ) h siiflieieiit not only for 
the correct cktemiination of llie relative vahitfS of all of tlie charges 
wliich a given drop may have thn>ngh the cuptlire of a larger or 
smaller number nf ions, but it is also sufficient for tlie c^ablishtneot 
of afl of thn a555iertions made above^ except ^ d. and G. However^ for 
tire sake of obtaining a provisional ei^timatc of the value of m in 
equation (1), and tliei-efore of making at once a pivivisional lieter- 
minatioii of the absolute values of the charges cJUried by tho drop, 
StAkes's law will for the prespnt be assumed to lie correct, Inii it is 
to be diii^tinctly liome in miiid that the conclusions just now under 
consideration are not at all dependent upon tlio validity of this as¬ 
sumption* 

This law in its simplef^t form states that if ji is the coefficient of 
viscosity of a mediujn, ar the force acting upon a spherical drop of 
radius a in that medium, and v the v elocity with which the drop moves 
under the inUuenoB of the force, then 


ir^67r}iav- 




The substitution in this equation of tho resulting gruvitationa] force 
acting on a spherical drop of density in n meilium of decufityp gives 
the usual expression for the rate of foil, according to Stoke^ of Ji 
droi) under gravity, vi^!, 



(a) 


The eltmination of m fj-om ( 1 ) by means of (S), and the further 
relation J jra^(^^p) gives the ebargo in the form 



It is fo>m this equation that tlie values of c*, in Tubli^ I-Xll arc 
obtained. 

ruEi.iMiXAUr oBsnavATioxa urox the catchtxg of ions nr oil okops. 

Table I presents the reconi of the obscrv*jitions taken upon a drop 
which ivns Watched tlirougli n period of four aad ona^half hours as it 
was alteniRteJy niuVTd up and down between the cross hairs of the 
observing tdescop^i under tliv influence of the Beld F and gravity G* 
How completely the errors arising from evaporation, i^otivection cur¬ 
rently or any sort of disturbances in tlm air are eliminated is shown 
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by the constancj' during all llvh time in tUe value of the velocity 
under gravity. Tlib corMstaiiey wa& not attained without n consider¬ 
able amount of experimenting. It is suJiicicnt bene to state tliat tlie 
beating of the illnnimating oro were elmimated^ hr^t by filter¬ 

ing the light tlirotigti about 2 feet of water^ and^ second^ by abutting 
oil tJie light from the art altiJgetber except at occasional instantj^, 
when the sliutter was opened to see that Ilia star wnij in place or to 
make an observntion of llie instant of its transit across a crOs^ huir. 
Further evidence of the complete stagnancy of the air b furnished 
by the fact that for nil hour or more at u time the drop would not 
drift more than 2 or S milliineters to one side or the other of tlie 
point lit which it entered the field. 

The oliscrvations in Table I are far less acciimte than many of 
tlinse which follow'^ the tiiumg being dtjue in thk case with a ^top 
watchj white many of the later timings were taken with a ehrono- 
gniph. Xovorthdess this seriess is presented 1>ccause of the unuj^tal 
length of tintc over which the drop was observed and because of the 
raither ijnusual variety of pheuupieim whicli it presefits. 

The cohimu bra<leti (1 show^s Lbe succtssive tiuiea in seconds taken 
by the droplet to fall, under grovityj tlic distance between the cross 
hairs. It will be seen that, in the course of the four and one-half 
h{)iira, the value of this time increti$es ’^ cry slightly, thereby showing 
that the drup is very alowly evai>oniting. Furthermore, there are 
mtlier marked fiuctnations recorded in the first 10 observations* 
wdiioh are pro^>ably due to tJie fiict that, in this part of the observa- 
tion, the shutter was open so much os to produce very slight convec¬ 
tion currents. 

The eoluniii headed F h the time of a^nt of tiie drop between 
the cro® hair^ under the action of tlie field. The colmmi headed 
€wk is the value of the riiarge carried by the drop computed fmm 
[4). The column beaded n gives the number by wduch the values 
of tlie preceding column must be divided to obtain the numbers 
in the last coltimn. The numbers In the <?■ column are in general 
averages of all the observations of the table which are designated 
by the same numeral in tlie n ooIudul If a given observ^itiou is 
not included in the average in the Cj, coluiun, n blank appears oppo- 
fute limt observation in Uie last ttvo columns. On account of the slow 
change in the value of G, lbe observations ans arranged in groups 
and the average value of G for each group is placed opposite that 
group in the first column. The reading of the voltmeter, taken at 
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the meun time correj^pundin^ to each ju^up, is labeled V snd pi need 
just below or just ateve the mean G comsponding to that group. 
n>v volts were iu this ease njad with a 10,U4Xt-rolt Braitii eletstfoin- 
eter \rhiclt Itad Inteti pi'eviouslv calibrated, but which may in these 
readings in error by as much as 1 por cent, though the error in 
the relative viJues of the voUs will 1x5 a\cecdingiy flight, 'fhe PD 
was uppliet] by means of a stoeugi> batttu'v. It will bo seen from the 
lyadiugs tiiot the potential fell £omew‘hat during the time of obsetwa' 
lion, iho rate of full being more rapid at first than it was later on. 


-Wl l.TIJ’U: XKLATIOX'S SHOWN MY TUl! CJI.vaonS ON A OFfEN OBOP. 

Since the original drop in this aiso was negstive, it is evident 
(hut II sudden iiicreo^ in the speed due to the field—thal Ls, a de- 
ciijase in the time given in coltimn F—means that the drop hcis tuiight 
a negative ion from the aii’j while a decrease tn the sliced means that 
it has caught a iMMittve ion. 

ff attention be directed, first, to the latter part of the table, wliera 
the observations are most acenmte. it will bo seen that, beginning w'ith 
the group for which G='23.43. ihe time of the drop in the field 
changed sudilcnly from ■ I to 3S0 secotids., tlion hack to 71. then down 
to .J9, then up again to 71. und then up again to 380. Tliesfc numbers 
show conduisivcly that the positive ion taught in the fii-at change— 
1- C.J from 11 to 380—carried cxai'tly the same cluirgr as the negative 
ton caught in the change from 380 to 7l. Or again, that the negative 
ion caught in the change from 71 to 30 had exactly the same charge as 
the positive ion caught in the change from 30 to Tl. 

h tirlhcrmote, tlie exact vuluc of the charge caught in each of the 
above cases is obtained in terms of fixsni titc dilTerencc in th© 
values of given by iK|itatiou (1). and if it be assumed that tlie 
value of (ft, is approximately known tbroiigb 8tokess law, then the 
approximately correct value of the charge on the captured ion is 
given by the ditTerence between the values of e, obtained tlirougb 
tHlujition f4). 'Hie mean value of this difference obtained from all 

4 ^1X^0^ *“^**’'’ ^ I>iff«imees), b 

Xow it will be area from the first observation given in the table 
die charge which was originally ujxui this drop and which was 
obtained, not from the ions in the air, but from the frictional process 
mt olved in blowing the spray, was 34.47X10-^“. This numixjr comes 
5M in one-seventh of t per cent of being exactly seven times the 
c large on the positive, or on the negative, ion caught in the oLser- 
consideration. In the interval between December, 
y i, an -May. 1910, ifp, Harvey Fletcher und luysejf toolt oliserva- 
iions in this way upon hundreds of drops which had initial charged 
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varying bi^twren the limits I and IW, and whirh were upon diverge 
ftnbslAJices as oil^ niercurvt and glyci^rine and found in every case the 
original charge on the drop an exact multiple of the ir.itmllest charge 
which W 0 foEmd ilml the drop caught from the flir+ The total Dumber 
of rhanges which we have (dinerved wotild be between LOGO imd i^,000^ 
and in n^t th^re be£n cAanffe whd^h did 

tioi r^preifent the advent vpoti the drop of one de^nUe inve^^Me 
gtiantifi/ of &r a wry ifrrmU multiply of tk^it qmntity. 

These oh^n atiom are the jnslifii:ation for assert ions I and S of the 
ijitrocluction. 

hor Urn sake of exhibiting in another way the multiple relation¬ 
ship shown by tlie charges on a given drop the data of Table 1 have 
Ijcen rearrange! in the form shown in Table IL 
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Xo more exact or more con^ij^tent ninltiple relationship is found 
in the data which tlie cliembts have amassed on combining powers, 
and upon which the atomic lUcorv of matter rests, than is found in 
Tables I to XIII. 

WHEtT OBSERVATION OF TlfE ZNERnT OF AOITATION Or A MOLECULE- 

Before diaciiBsing assertion 4 it is desirnbk to direct attention to 
thrt?e addiriotml conclusions which can be drawn from Table I: 

1 . Since the time of the drop in die field varied in these observa¬ 
tions frorn 380 to G,T seconds^ it will be seen that the resnllant moving 
acting upon the drop was varied in the ratio 1 to m, w ithout 
bringing to light the slightest indication of a dependence of upon 
the veliwity, IndppeiiUi'ntly df theory, tlicrefore, can a^^rt that 
the velocity of this drop was strictly proportional to the movinp 
force. The certainty with which this conelueion tan be lirnwn may 
lie seen from a consitlerntion of the following numerical data. \J^ 
thntigii WC hnd upon our drop all |H 3 #eible multiples of the unit 
4.1U7xi0-'“ between 4 and IT, save only 15, tbm is not a single 
value of given lo the table which differa bv as much as 0.5 per cent 
from the final mean It is true that the observational error m a 
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fe^w of the smnUer times is iis nmdx us X or £ [kjf cent, but the 
observational error in the last half of the table should nowhere 
exeml 0*6 per cent. In no case is tliete here foiiricj it divergence 
from the fitia! vhIiso of i\ of more than 0.4 per cent. 

2* Since the charge on the drop was multiplied more than four 
tiinr^ without changing at all the value of or tlie npjuirent value of 
the cjlKiii^r vat ions |imve conclusively that in the case of slropn like 
thisy the drag which th^ air everts upon the drof? is indef>endent of 
wlieLliei' the dnip is chnrgeiJ or uncharged. In olhiT ^vords, the 
£i])p^ireiit viscfs^ity of the air is not iifrccted by the charge in llie 
of drops of the sort used in these e?C|}erlmouts. 

3. It will lie seen from tlie tuhJe that in general a drop raldics an 
ion only when the field is od. Were this not the ease there wuiilJ 
lie many erratic reading^^ in lisc colunm under I'\ while in :ilj the four 
liiid one-hiilf hours dnriag wdiicli these experiments laMcd there bs 
hut ofio Such, and the significance of this one w ill presenllv he dis- 
cii&^efh A momeut's coiiiaderulion w ill show why this is. When tJie 
field is ouj the iutis are driven with enormous speed to the jdates as 
fiooji as tlicy are formed, their velocities in Iho fields here used being 
liut less tlinn 10^000 ceiitimctei^s jicr second. Hence an Sou can 
not he. rsiijglit when the field h on unless the inokx^ule which is 
hroken up into ions happens to be on the line of force running froni 
the phitcs through the drop. \XitIi minute dmf)s and relatively 
small joniKalion this condition is verj' iinlilsely to ucciir* When the 
field h off, however, the ions are retained In the space Ixstwccu the 
plateSj and sooner or later one or more of iheni, by virtue of ita 
mergy of ngitation, makea impact iir^on the drop ami j^ticks to it. 

Thtbo coUHiiieratifius lead tip to assertion 4 in tho introfluction. 
Tt will lie jicen from the readings in the fiR 5 t half of the table that 
even when the drop had a ncg^itive charge of from \*2 lo IT units 
it was iioi only able to catch more oegutive ions, hut it api>arently 
Imd an even larger tendency to cakh the ticgativcs than ihe posi^ 
tivi^. \\ heiicc, llienj does a neg^ttive inn rJjtaiii an nnioimt of energy 
which enables it to push it^4f up agndnst the existing electrostatic 
repulsion and to attacli itself to a drop already strongly ncgatividv 
charged? Tt cun not obtain it from the hehl, since the phenomenon 
occurs when the field U not on. It can not obtain it from any explo^ 
rive process which frees the ion from the molecule at the instant of 
ionisation, i^lnce ngiim in this ca!^^ too, ion^ w-ould be caught os well, 
or nearly as well, when Llic field is uh us when it hs olT* I/ere^ 
au dttxd pri^of /A«/ /Ac i&n tnu^t be iriih n 

kinetic of n^itatioth irAvVA ja ^uf^eb ni to puith. j7 iip to the 

surface of the flrcp /Ac ehecf.ro^latie repulsion of the ehorge on 

the dropn 

975Tft'—aa 10X0—10 
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Tills energy mny easily be c<nnputei? as follows: As will iippear 
later llie ruJius of the drop wug in this cose 0.0001H7 oenliineter. 
Furtberraone, the Tahie of the eletnetitary electrical cliurge ubtiiincd 
as a mean of all of our QbserratiofU> is 4.S91X10'’® Heticc the 
energy required to drive an ion carrying a unit charge up to the 
surface of a charujed sphere of radius r, carrying Hi elementary 
charges. Is 


r 0.(KK>1W7 erga. 

Xrnr the kinetic energy of agitation of a tuoleeule ns deduced 
from the value of a herewith obtained, and the kinetic theory isola¬ 
tion. is erga. According to the MiL'twcil- 

UoItKinami luw,^ which doiihllcsi* holds in gascs^ (his should also !« 
(he kinetic energy nf agitation of an ion. It will be seen iLnl the 


Valno of lids energy is approsimately tliree times that requirprl to 
push n single ion up to tho surface of the drop in question. If, then, 
it were possible to load up a drop witli negative electricity until the 
potential energy of its cliorge wero about three times os great as 
tiial computed above for this drop, then the phenomenon Jiere ob- 
servtKl, of the catching of new negative* ions by such a negatively 
charg^ drop, should not take place, save in the csccjiticMia] case 
in H-hicli an inn might acquire an energy- of agitation considerably 
larger Uian the mean value, Now, as a matter of fact, it was regu¬ 
larly ohsemul that the heavily charged drops had o very much 
smaller to pick up new negative ions than the more lightly 

charged clro[is, and in one instance »re f€ate/it'd for four Aowra 
another noffatindy efiar^cd dm ft of radius OMOGoS ccutinwter, 
which oarrird charges varf/mg from ISG to ItiO dcaicntarg iinUs, and 
tr/dch therefore had a poUntiai ctu rgg of charge (eomfnttcd as iibove 
on the oesunif/tioit of uniform dktributwn)_ earghtg front 4,liXtO'^* 
to 5.47X10 ", and in all that time this drop pielred up hut one singh 
negative iotu and that despUe the fact that the iomsafioii was see- 
, ral timoK more intense than in the eaac of the drop of Table L 
This is dircft proof independent of nil theory that the order of mag¬ 
nitude of ilje kinetic energy of agitation of a molecule La oXlO"", 
us tile kinetic theory deniamla. 


TltK QUESTION OF V-ILKNCT IN mvfiEOCH fONIEATTON, 

Tlie correctness of assertion 5 in the case of the {ani/.ation existing 
ill the observing chamber at the time at wliicU the data in Table I 
wm* trikei] is directly proved by the readings shown in that table, 
.since tlie great iimjoriiy of the changes rcconled in column 4 corre¬ 
spond to the addition or subtraction of one .single elemenlary charge. 
There are, however, sonic t-hanges which corTO?pon,i to tlie addition 
or subtraction of two or lUrw* tiniK this nmoiml ami which therefore 
seem al first sight to indicate the eiistcnce of mul tipiv-churged ions. 
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The conclusion, however, thnt valency is exhibited in gnseous ioniisa- 
tion is not to lie so easily druwu. During the observation? recorded in 
the first half of the table, a closed tube, of radium, containing flW 
tiiilltgrutus of radium bromide of acdvily 3.000, stood about o feet 
away from the testing chamber, so lliat its y mya nnd a portiou also of 
its raya could enter this cbaniber. At the eiul of the observations 
ill the group in which G=23.14, this radium was brought up to 
within u few inclies of the testing chii tuber, and six elcioentary 
cliniges were forced upon the drop. Tlie radium was then mkeii 
entirely out of the room, so tjuit the cbniiges recorded in the last half 
of the table are entirely due to such ionization as exists in nir under 
normal almostiheric ooriditiuns. 

Now, so long as chungrs take plnw only when the fieltj is off there 
is no way of telling whether an observed change of two units is due 
to the addition to the drop of a double ion or to the siiccesslvc addi¬ 
tions of two single ions. It might be possible to account, therefore, 
for all the multiple changes wliicli occurred when the Jield was off 
on the theory of successive single changes^ There is. howci'cr. one 
single change recorded in the last part of Table T, which is not to be 
50 easily accounted for upon this h 5 'pothis=is. It will Iw swti thnt the 
drop made one partieular trip up in 37S seconds, then one down 
(recordwl in the same horizontal line) in S?3.tt seconds. ImmedintelT 
thereafter it was lieing pulled back again under the influence of the 
field at fJie 330*second rate—a rate so slow that it could atnrcelv be 
seen to be moving nt all if observed for a short time. After the 
luiise of seconds, during whicli time tho shutter had been opened 
every 30 second.s or so to see that the star was still in view it changed 
instantly while I was looking at it. the field being on, from the tSfiO- 
second to the 30-second speed skippingentirely the Tl-sccond speerl. 

This sort of a multiple cliange, wlien the'field was on. has liecn 
observed a dozen or more times when the ionization was so weak 
that it seempd very improbable that two or tliree different molecules 
could have lieen simultnneonsly ionizetl in the minute tube of force 
having for its diameter the diameter of the drop. Tn fact, at the 
time at which the prelimitinn' report upon this work was made it 
was thoii^t that these changes constituted pretty good evidence 
that the ionization produced by nidiiim does not always conskt 
m the detachment of cme single elementary charge from ’n neutral 
molecule, but consist.-? in occasional instnnrcs, in the si-paration of 
two or three such charges fivim a single molecii1& The method 
o studying^ ioniKudon hertwilh prff^nted is coptiUIe of furnishing 
li de^nite answer the qne^dion here raised in tho vusa of pny 
particular ionizinjr a|^nt. Eccent uerk whii:?h vviJI be reported in 
detad in another paper has shown Ihpt if either mdinni radiationt^ 
or X niys of the intensities thus far u^d ever pn>duc© multiply- 
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valpnt i(»ns in air, the rninilwr of such ioiifs fortniMi can not C 3 CC»d 
J or 2 fjor cent of tile, number of univnlent ions fonned. At the 
prt>seiit time tJieiufore it seems prolnible Hint, despite the coiitrnrr 
evidence presented bv Townsend* niiil Frsiiitk nnd Wcstphal,* the 
pnwsH of gjihaoiiK iDiiiKaliim bv iioth radium und X niys always 
con-siids in the detadinient from a natural molecule of one single 
elementary eleetriciil ciiiirge- 

iiKniANisu or Tim otAxos or cirASOE or a dhoi'. 

It has been tacitly assumed thus far that the only way in winch a 
drop Can change its chin^e is liy the capture of ions of one sign 
or tlio other from the air. TtTien a negative cliarge Increases tlicre 
seems to !» no otlier conceivable way by which the change can lie 
piTKiiiced, But when it decreases there is no a priori reason for 
thinking Hint the changu may not be cine as well to tlie direct Itss 
of a portion of the charge as to the neutraliMtion of this same 
amount by the capture of a charge of opposite sign. Table f shows 
conclusively, however, Hiut if direct losses occur at all they take place 
with exceeding in frequency as compamt with the frequency with 
which ions ure captured from the air, even when there is no ox* 
tcnrnl source of innijiatioii whatever. For if there were two com- 
piinihle processes tending to diminish the charge (viz, direct loss 
and capture of opposite ions) and only one lemling to increase it 
(viz, capture of ions of Hie same sign) and that one of approxi¬ 
mately the sumo efficiency as one of the finjl two. the drop, instead 
of mnintaitudg os it did in these expermienU for three and one-haif 
hours after the radium was renioved from the room, essentia 11 v 
the same menu charge despite its repeated changes, would have 
quickly lost its charge and gone to the lower jilato. ITie fact that 
it did not do this furnndies perhaps the most convincing evidence 
which him Vdi been bmiigdit forwunl that the process of evaporation, 
which musi have Iwen going on continuously at the surface of the 
ilrop. does not have tho penv cr of removing at all an electncaj charge 
which rcsulcs upon nn evoiiorating surface.* 

There IS hut oiio more comment to he made upon Table I \t a 
pomt mdicated in the table by the remark “change forced with 
radium. It will be iioljm>d that the chaige woa suddenly changed 
from eleven negative imits to dve negative unita-i. e.. that six pisi 
tire unite were forced upon the drop. This sort of a change was 
one which, after the pbenomcnon had once been got under control 
we could make at wdl in t itlicr dirretion—i. w. wp could chargert 

■ J, Tirwu^nd. Pros. Hoj, 0 «., jk 207 , ttWft -- 

*1. rnnk it, W<^tpli4l, V#th. 4. ih tTim Trwl tol « un ci--. 

*Th1» ham boro cx<ELP!Ulrrmljijr 1 ^ tbi 

llrtid^imi trUH. Uw.. W). p, 4H0. tftnoi awl af S^lm.lhrri " 

IBi*i>i PtivBpfF support ttw bne IfncImL dcsblis *** *■ *’■ 

tt*wmwa hj reiisi fJoitr. d* 1‘iiniqu*. tt, ‘i»iiw«u»sTi(i.B«i.K,Biri,t 
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of citiier sijjn or in nny desired number, within UmitiS, upon a piven 
drop. did this us follows: W^hen it was desiiied t«» loud I lie ilrop 
up Jiegutively, for cximiple. we held it wHh the ni<1 of the field fnirly 
close to the positive plate, and placed the radium so that it would 
pprahire nniforni ioni»Uioii tlironghout the clmmlwr. Under fheso 
conditions if the ()ositive and neftati^'e ions vrere alike in both niini* 
Iwr and iiMibility the chance Hint the drop would catch a negative ion 
Would he na many times its cltaiice of catetung a positive ion os the 
distan<» from the drop to the negative plate was times the distance 
from the drop to the pwitire plate. Similarlr, if we wisheil to 
load the drop positively it was held by the field close to the nega¬ 
tive plate. On acroimt of the slightly greater mobility of the negn- 
tive ion, and also on account of the somewhat greater iiumlicrs in 
whicli tliey occur, we found, in general, a greater tendency of the 
drops to take up negative than positive charges. In view, there¬ 
fore, of the griMiter ease wjtli which negative drops could he held for 
long intervals wiiliont being lost to the plates most of the drops 
fctufJied have been of ncgiitivi; 

TTO! FAlt-l RE or B*IVlRKa'’s 

Wlien the values of c, were computed as aliove for different drops, 
although each individual drop showed the same sort of cein.sisteney 
whicli was exhibited hy the drop of Table I, the value of e. at first 
came out differently, even for drops allowing tlie same value of the 
velocity under gravity. This Inst irpeguhirity was practically elimi- 
iiatcfl by blowing the drops into air which was strictly dust frw, hut 
even then dro|js of different sixes, as dcteniiincd by always mvc 
consistently different values of e,. This is illustrate bv the observa¬ 
tions shown in Tables HI, TV, V, VI, VII, and \ III.' 
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tical. Similiirly Tabic? '\^I tind VITl arc inserted to show the con* 
sistency whidi could be nttnined in determining the ralues of 
so tojig ua the drops used were of the same aiise. On tho othc^ hand, 
the series of Tables tlL Y, VI, and VTI. or lY, Y, YT, and mi, 
show conduatvcij t liat the value of Cj obtained in this way diminishes 
as the velocity of the drop incmisi!t<i. This means of course f bu t 
Stakns’s law docs not hold for these drops. 


Table VII ,—dntp .Vo. JC. 
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In order to find in just what wny this law brenks down we made 
an extended ^ries of observations npon drops the velocities of which 
varied in the extreme case 360 fold. These velocities lay between 
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the limits .OOia tm, per see, and .47 cm, per see. Complete records 
of a fevr’ of these olismations are jfiven in Tables IX, X, XI, and 

^IJi 


[TJie reader may consult these tables in the ongifial article, but 
they are here necesarily omit, led for lack of space.] 

The readings rfiown in tlicse tables ftre merely samples of the 
sort of obstnntions Tchich we took on between 100 and 200 dro|ia 
between Deceniber, IflOfl, and Ifay, 1610, The sort of consistency 
which we attained after we had leametl how to control the evapora^ 
tion of the droffs mid ofter wc lincl eliminiitcd dust from the iiir 
may be seen from Table XIll which contains tlie final resitlla of 


i 


z 


( 

s 


f 

enj/* 

4 


X 

I 


e 

Fig. 

Pur obf5«rvjitionA upop all of tli^ dropij except three which \vi?re 
atudied tliroughout a period of 47 consecutive days. The three drops 
wluch bare been c.xcluded all yielded values of from 2 to 4 per 
cent too low to fall upon a siiiootli curve like that shown in 
fifptre 2 which ia the graph of the results contained in Table XIII. 
It is probable that these tJiree drops corresponded not to single drops, 
but to two drops stuck togeiber. Since wc liave never in nil our 
study oliscr^'cd a drop which gave a value of e, appreciably above 
the curve of figure 2, the hypotliesis of binary droijs to account for 
an o^aional low value of jj, is at least natural. Before we elimi¬ 
nated dust we found many drops showing these low values of e 
but after we had eliminated it we found not more than mie drop in 
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rcn which was iri'egular. The drop shown in Table T is perhaps Uie 
best jllustratioii of Lhc cflse under c^jiisidcratjon whicli wo have 
observecL It yields a toIiio of which is 4 per oent too low to fall 
on the curve of figure 2. This is ms krgo a departure from tbig 
curve as we hnA-e thuM far obtained. 
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THE COKOECtJDN OF OTUMXSV LAW, 

Tho simple form of Stokes’s law, whicL has been used in obtaining 
the values of involves the assamption that there Is no slip at the 
bounding surface between tlie medium and tbe dmp^ or that the 
coefficient of extenipl friction between oil and air ie infinite. From 
the standpoint of the kinetic theory this surface slip? though in 
genemJ very «ma!l, is, strictly speakings never zero, and to take it 
into aeeoimt » term mu^ be introduced into tho equation of motion 
which is pro]xirtLonaI to tho ratio between the nietui free path of the 
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tflis molectilp nnd tlie nidiiis of the drop.* Siuee it i® conceivable, 
bo\ret'«?r, tlmt there is some other cause for slip than that audgnod 
by the kiiietjc theory, it will be well to make thU; discussion its 
independent as possible of all theoretienl eonsiderationH. 

From wLutever point of view, then, the phenomenon of esteriinl 
slip be regarded, it is clear that tiie very existence of anv Eiirface 
eifect of this sort between tlie medium and the drop must lend to 
produce iin acttial velocity higher than that computed from the 
simple fonn of Stot£c§’‘s low, L c., it must tend to produce departuns 
from Stokws law of the kind adiitilly shown in the ciperiments 
hefewith recorded. Fiiri her more, it ivill bi^ evident from the nnulysis 
nndei'lyiiig- btokoss Inw tlnit any surface effect whatever between oil 
arid air which might modify the velocity given by Stokeses law must 
be more and mom effective m so luodlfying it tiie more the radius 
of the drop U dmimislied, and that when tlie radins is talieii soGi- 
cieoUy Juigc the tenu which represents tills stirftice effect must be¬ 
come negligible. We could then write ti corrected form of Stokes’s 
law, which would take into account any kind of surface phenomenon 
wluch might alter the speed, in the guneral form 

X-&irg^rjl+^Qj-' (gj 

in which f is a constant of the medium and a the radius of the drop. 
If we were in complete ignorance of the form of the ftiiiction f we 
could exjircss it in tenns of the uudclenniued constants. A, IJ. C 
etc., thus * ' 

/(D^ 1 + 4 + ( 6 ) 


and so long as tlie departures from the simple foim of Stokes’s hiw 
were small, we could neglect the second order terms in l/a and have 
therefore 


or 


X»6T/ar(|i +A^ 


(T) 




( 8 ) 


Using this form of cijuatiori to combine with (!) and denoting now 
by e tiiu abiiiointe value of the elementary churger and by e., as here* 
tofore, the value of the charge obtained from the use of (4\ ihe™ 
results at once ^ 
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[Th« autlior then dotenumi‘<; the value of the correcting term 

and conlirmii his result by reference to imlepeiident ivork of oth^r 
ot>servers. For theao discussjotis the render slionld consult the origi* 
iwl urtidc.] 



a 

£ 


Taking the value of A as O^JT the value of e "was determined 
rom (9), and Ujo values of and t obtained as explained above. 
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Thci in?xt to (he lust column of Table XIV gives the of this 

oompul4ttiou of c for nil of the obseni-ations recorded in Table XIU 
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Dwrr pPTfviH mlibrntlini mm of tkc KpItIh and White electFoetatk Lmtnimmt Iban 
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except the first four and tlie last four. These are omitted not because 
their introduetioii wouhl ehati^ the final value of #, which as a mat- 
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ter of fact b not appreciably affectccl there by, but solely because of 
the experimentul uncertainties involved in work upon either exceed¬ 
ingly slow or exceedingly fast droffi. ^^lien the velocities are very 
small residiuil convection curnuils and Jirownian niovcuients intro- 
duce errors, and when they are very large the time detorminatiDti 
becQiiias iinreliRble, ho that it is scnrcely legitimate to include such 
observations in the finni mean. However, for the sake of showing 
how completely formula (0) fits our experimental results throughout 
the whole ninge of the obeervations of Table XlII, figure 3 has been 
introduced. The smooth cutwe in this figure is computed from (T) 
under the assumption of f:=4,Rfl] Xlt)"'* and the experimentally de- 
tenuintKl values of c, are plotted about this curve, every obi^*rvation 
coutsined in Table XIII being shown in the figure. 

The probable error in the final mean value 4.8P1 X lO"**, compulnl 
by least s<]uareH from the nuniljere in the hist culninn, b four 
hundredths of 1 ]>er cent. If there is an error of as much as 3 jjer 
cent in the deterniination of A the final value nf e would be aHected 
thereby !»y only almiit 0.2 per cent. Since, however, the coefficient of 
viscosity of nir is involved In the fonimUi, the iiccurucy with which e 
is know'n is limited by that which has been attuinml in the measiiFC- 
ment of tins constant. There is ju> otlier factor involved in this 
work which has not iiecn measured n'ith im necuracy at least as 
great as 0.2 per cent. 

The value of which Las been used in the computation of all of 
the preceding tables, vt?,, 0.00017856, b in my judjEtment the most 
probable value which can be obtained from a sttirly of nil of tlie large 
tuflisi of data which has been acciunuialed within the jiast 40 years 
upon this constant. It represents not only the result of wlint seenm 
to me to be the most reliable single determination of f* which has 
thus fur been made, via, that of Stokes and Tomlinson" who deduced 
it from the damping of oscallatitig cylinders and spheres, hut it is ex¬ 
actly the mean of the three most recent and very concordant values 
obtained hj' the outflow mctliod (Table XV), and it is furthermore 
the mean of all of the most reliable deterininiition.s which have ever 
been made. These determinations are as follows: 

[The discussion of the determinations of the coefficient of vLsctmity 
of air is here omitted,] 

IVa have devised ttvo modifications of this method of determining 
e which do not involve the value ft. It is scareely likely, however, 
that the nece.s!airy experimental error in these methods can be re¬ 
duced below the error in g It is probable, therefore, that any in- 
creased accuracy in our knowledge of c is to lie ItKjked for in In¬ 
creased accuracy in the determinatton of g. 


Bffltli. MMd PUiini. w. p, 1$1, 
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RXFI!£llllENrra trltlX HUBSTAKCES UTMKB THAN Oih, 

All of the preceding ex|)crimi'nt5 except those recorded in Tuhle I 
were made with the use of ji sptjctallj cleaned gas-eiinpne oil «f 
density' 0.0041 nt 25* C» Those in Table I were made with the use 
of a similar, though more volatile, minciwl oil (u>uchinc oil) of den¬ 
sity O.S!>riO. 'Hie reason that we worked bo coxitiiiuoudy upon u single 
snhstance was that it was found that in order to mahitain ii drop of 
constant aia«; it wiis necessary, even with tiiesc veiy nourolatile sub- 
Btanix>s, to have the drop in e<|ijilibriiiiii with its saturated vapor. 
This is shown by the following olisciTations. The inner surfaces 
of the condenser plates had been covered with a veiy thin coat of 
machine nil in order that they might catch dim particles. Drops 
blown from a considerable number of nonvolatile mibstances were 
introduced between the jilates and wen? found in the main to evap¬ 
orate too rapidly to make uccumte observing possible. This was true 
even of bo nonvolatile substances as glyceritie and coator oil, os the 
following okservatioiis show: 
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In order to get rid of this conlinuotis increase in G, the drops were 
next blown from the least volatile liquid at hand, viz, gim-eiigine oil, 
and the behavior of a given drop sliowod immcfliately that it was 
growing in size instead of evaporating. Thk can be iseeii from the 
following readings: 
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Tills lielmTior was shown cotisistentTy by aJJ llic dro[K 
nicnti-d fipon (six or dsht in niimlHr) throughout a ptiKHl of two 
days. Inuifnniiitg that the vapor from the more volatile madiinc 
oil upon the plates was comleusitijr into the less volatile hut similar 
oil of the drop 1 took doivn the Q|jpsratiig, den tied the plates nire- 
ftilly, and oiled them ainiin, thLs lime with the gns-engine oil. Everv 
^Ti^nijine oil drop trietl thereafter showed the SJ>rt of constancy 
which is .Seen in 'Inhles III to XTT. Series of observutions Eiintlar 
to that made upon gas-enjdiie oil and tabiiinteil in Tables XIIJ and 
XIV will ultimately be made upon other Huhstnnees. Thus far tlie 
fliiJi has Ijcen to take eiiOU;jb ot^rvaLioiu* ii|yoii other substances to 
make sure that tlio results ofatiiined from tfiese siilistances atw sub¬ 
stantially ill agreement with tJiose obtained from gas-engine oil and 
to concentrate attention u|xin au areurnte 5f?ries of olKrrvations upun 
one substanw. As n maiter of fact, we ha;e a fairly complete series 
upon iiuichttie oil and a number of obt-ervatioiis iiptm watch oil, 
castor oil nnd glycerine, all of which are in agreement within the 
limits of oliservational error, in some cases ns much us 2 or 3 jwr 
cent, witli the oliservntions upon gas-engine oil. 

The conclusion to be drawn from all of the work thus far done 
on suhstaiicea other than oil is merely that theie is nothing in it to 
cast a doubt upon the cornjctness of the value of c obmined from the 
niiicli more extetideil and much more accurate work upon gas-engine 


co»[>ARtao^s tMTit (rrnEH urrrtiBSfiNATioss, 


The value of c herewith obtained is in ixrfeot agreement with the 
result reached by llegencr» in his reraarkablv careful nnd consistent 
work in the counting of the utimlwr of scintillations prcnluced by 
the particles emitied by a known mnouni of poJmiium and measur¬ 
ing the lotnt charge carried by (besc same particles. Hia final value 
of Him chargi* is ftMx 10-*% and upon ilie assuiuption that this U 
twice the eloim-ntiiiy ciiarge—an assumption which seems to be Jus¬ 
tified by Kutherford’s experiments*—he finds for v 4-7f> X 10**1 
with a proliable eiror of ‘A per cent. Since the difference Wtween 
this vfliiie and 4.80 X 10 *'■ is but 2 per cent the two results obviously 
within the liniit-S of observationul erron • + • 

[The author then discusses sevenil other iktenn inn lions of ir, and 
cNpmins some ili^vcrcpuncie^ which up peer.] 

In conclusion there is pre.'tented a summary of the most important 
of the moleculnr msgnitiides, accurate values of wliicli im? made 


1 
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possible by un jicciirate detemination of c, Tlie Kni'adfty consilant 
Lh taken as iVe = absolute e]4>ctroinagiietie finite 


t « 4 Ml X E.S*tr. 
N = flJ(2S X in*" 
ti = 2,(544 X 10" 

= a.ioa X 


w = hrwi X i(r«pi3«. 
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to me tubes of milium w1m?ji my own supply met with an iiccidcnt, I 
wish also to acknowtrclgo iny gnait imlebtcdueas to Mr. Harvey 
Fletcher who lijuj nio«l ably assisted me throughout the whole of thb 
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THE TEI,EGKAPHY OF PHOTOGKAPHW. AND 

BY WiliE.* 

IWIth " jjItttcJtJ 


By T. TIIUKKE ItAKKi, Esn^ f.c, A. L K, rl 


It fiv^uciitly Liipjii^nsi lliat u'licn two nlternate jir(K,t«sea arts avaiU 
able for certain work, and one of tbern is considerably less pniciicul 
than the other, the Ics* practical out* is iKtssciisiod o*f uilcU liiglier 
scieulilic iotorest. This mny certainly bo said of tlie teJegraphy of 
pictures and photographs. The whole of iLio methods of transniis* 
sion cun lie etassed aa either purely luechaidmi, or dependent on tho 
physical projwrlies of some substnnee which, like selenium, is sensi¬ 
tive to light. 

The latter mcthwls ate of no little scientific mtei'cst, and, altlioiigh 
very delicate and for the moment obsolete, there is every likelihooil 
of their coming into more eirteniled use later on. 

The telegraphy of pictures differs only from the transmission of 
oidinarj* messages in that the telcgniphwl signals, recorderl by a 
marker on paper, mind essentially occupy a fised poidtioii. In the 
(.use of an onlinary telegram it matters little whether the received 
message occupy two, three, or niort* lines when written out on pa|>cr. 
hut when a picture m telcgmphet) eveiy L-om[>onent part of It must 
be recorded in a definite position on the paper. 

.Siipfiose you greatly enlarge a potlroii, and divide ii up |jy ruled 
lines into n thoii.«ind square parts, tiuppose aLw that tbe photo- 
gmph is priiitdl on celhdoitU so Ihut it is tnin.*ipBrent. [f. now, the 
portrait he held in front of some even sotira* of iliiiminat ion, it will 
Ijo that each square—each thousandth part—is of different 
density. The light parts of the photograph will consist of squares of 
little density, the dark parts, of squares of greater density, and so on. 
Ill this way the photograph is nnulyzed into comimsita sections, each 
section corresponding piiockely to a letter in a message; letters and 
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.spaces recombined fonii words and luossagcs; sqiiuri'K of ilifTereiil 
densities recombined, lu correct jHiaitjoiu form a. photograph. 

I propotifi' to doiU w’illi Llie mure practicul sy.stem lltsl, which, as 
already pointed out, is fierhaps the leas interesting from the theo¬ 
retical point of view. The telectrogra|jh s,vstem has been emplojxd 
by the Daily Jlirror for the tmiismijisiun of photogiratihs sinee July, 
tSK)9, and baa been worked very regularly let ween J'aris and lAndon. 
and Aranebeater giiul Lxmdon. 

In-dttnccs of its use may W mwgnized in the publtcation of photo¬ 
graphs taken in court in the recent SteinUeil case at Paris, when 
{ihidograplis of witnessea or prisoners were soiiielimes received in 
I.rrjndon actually lie fore llic court rose at which they wxrc taken, a 
clear day being gained in tlw; time of publication. 

The nu'thrHl of telegniphlng photographs that has been employed 
on a large iscale hy the Dally Mirror may Iw calterl u practical modi* 
fication of several early iittenipts. The effect of an electric current 
to discolor certain siiittthle p.lectrtdytes or to set free an elemcDt or 
ion that can be used to form with a second substance a colored 
product was ein])loyed in nnvny early forms of instruments for 
telegraphing writing, etc. If we break up a )dmtogmphk Imiigo in 
the way already described into lines which interrupt the current for 
periods deixmding on their witUh, tbew interrupted eurixnta can be 
used nt the receiving s-tulion to form colored murks which join up 
en masse to form a new image, Sly telectrogi-aiihic process la thus 
briefly ns follows; 

At the sending station we have a mctcil drum revol^’ing undei* an 
iridium stylus, to the dmni Iwing nttttchcd a half-tone photograph 
printed on lead foil, Current flows tbrough the pbotogniphic imagif 
to the line utul theru'e to the receiver. The receiver consists of a 
similar revolving metal drum over which a platinum stylus tram. 
Every time the transmitter style comes in contact with a i-iesr part of 
the nietiil foil current flows to the re<;eiver. and it black or colm-cd 
dot or mark appears on the chemical paper. Tint you will readily 
understand that if our reproduction—built up of these little markiS, 
whicli ha\‘e to be made at the rate of some 200 per seeioiid—is to l» 
accurate, each mark miiBi be only exactly as long, in pro^xirtion, as 
the clear metal space traversed by the stvlus, 

Ti will be easier to explain the syritem by means of the rough 
dhigrnm shown in figure 1. The transmitting mstniment Is shown on 
tlic left, the receiver on the right. A metal drum is revolvftj hy a 
motor, one revolution every two seconds; over this a metal stylus or 
needle traces a spiral path in the same way as n plioiiograph. On 
the ilniin Ls fixdl a half-tone photograph broken up info lines, and 
printed in fisli glue upon a sheet of lead foil. I will show one of 
these line phoioginphs on the screen, and >'«u will see that the liglit 


TELEtHUPHY OF PHOTCKiBAPHB - IVAKEIl, 258 

(ind Hhadp of rhe picture is made up of mast>«« of thinner or thicker 
lini's. with clear spaces in between. 

As the stjriiis traces over such a pitotograpU, its contact with the 
metal ba^ is hileiTupted every time one of these fish-frlue lines comes 
hciteath it, ami f<*r such a lime as depends, of ctiurse, on the wtith of 
the line. The transmitting inatniment thus sends into the telegraph 
lines a series of electric currents wlujse periotls of duration are deter¬ 
mined hy the wiilth of the lines coin|)osing the photograplt. 

A similar stylus^ traces an exactly similar path over a revolving 
drum in the reccivitig instrument, Init'round this drum is wrapped a 
pi«ra of absorbent pui>er impi^egmitetl with a colorless aolulion> which, 
turns black or brown when ricooinposcd by an electnc current 
What haj^pens then is that every brief current which passes 
through the i>iiyier causes a mark to appear on it, 'Hie width of the 
murk depomis on the duration of the curreiit^>r should so do-H!o that 
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you will ^ (hat tlicsc marks grailually combine to rcLomjXKa; the 
paotogntphic itnagfo. 

laboratory, but when we coma 
lino at once caiias 

aeiious interference. It js well known that if a current la: sent to 
^me uppuraiiis «uch as a telegraph, from a liiffiance, tlie currant 
haying to pass thrmigh long wires the capacity uf which is appre. 
emb e, a rertaiii time is taken for the cturetit to dvarge the line, and 

appaittUis with couiparaave alow- 

tinte of 

tion of a sK***! f' ” second—a comiuon time of duni* 

oondihvnhi current from thecabie would be 

it i’ ® through the line at the rate of I7r> ya-r aeconil, 

It not di/hcult to see that every signal will run into the next di 
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or SO lit tJitf iweivilig tipp^ii-titus, mid the rtsuU will lie ii 
ctinfiiKt^d niii^^of <ivi‘r]upping iiirtrk^^ Tliisis woLJ ilhistruU'd hi pliite 
ij jigiiru h wlirre A s^bowjj h weri^fti of tups Ihi^jogh u ruble 

t>f high rupiuftty into the teleetrogra ph itnieiver: iii>.teud of gL‘tting u 
series of sliurp dots or short lines, we get eloiignted lines ending off 
in toils. Without the capacity, we get the short lines us shown in 
the B series. These Fhort* deliniE:e lines ure ngairi obtained, even 
when the eopucity is present* in series C: but in this case 1 hud 
shunted on to the receiver vvliot I huve lenned tlu* line buhincer* n 
nioditied form of shunt uppm^tui^ embodying the principles of wip¬ 
ing out n^^sldiiurji' ciirn>nts tins luihle in I lie way freipiently mude 
use of in duplex telegraphy. 

Tlie tiijr of this uppariitijs bus reiidere<l i:!imniiei‘ciiil the old ideus 
of telrgmpiling by the eleutrolytic itiethnd. ond ns many ns ilOO 
sliurply deiiiicd chemical marks cun lx* m’oi-deil in one second hy ib* 
inetiiis. The tiirthod of npplii^tioii will be seen if we lusvc the last 
slide Fhown again ilig, l)^ here, shunted on to tho line Cwhich b 
chuied by the stylus and the inetiil ilrnui). is u circuit coutuining 
two batteries. \\ und IL, mid the l^vo «ectit>ijH of a divided l,OLK>-ohitis 
rcsislLtnc«s. and J^bunted across the vuriuble eonturts nf the 
resdstunces is u vuriahle c()ndenser K. By varying the re^istuiiiTes, 
IV, niul W\, we can vary tlie power t>f the cnrrrjit used to sweep out 
the residuary charges in tlw linej tlie current can. of course, flow 
through the chemical paper on tlie ilnini, but the pr>le of the battery 
Bi, counectod to the style^ b of opposite sign tu that of the line unit 
conncrtcH-l to it, 

iVlicn theleaknnce on the line h great and evenly dbtributed, 
reverse current front the baluncer is necessary, this being quite in ac¬ 
cordance with Ucavisifle's fomiulu' for telejdiony over lines ivitli 
capiicsty and induetjince. ft is intfresting to note, also, that hy in¬ 
creasing the vohuge of the revei^^ lMitterii«5 B, iniij H,, coiLsidcrahly 
greater ctxitniist can lie obtained in the pictures; the liner tho half¬ 
tone f^crceii employed in splitting iip the r>hotogriiphs into lines, the 
higher, agjiin, must the voltage of B, and B, Ij<^ made. 

I should like to take up a few moments in ix^ferring to the actual 
ntilitv' of phot tit rkgraphy. The deniand by the publk for illustni- 
tion^ in their daily papers niust lie admlttiHl. Xewa js telegrupliMl in 
order to expedite tin publjculion. And pholographs ill list ratuig tliLs 
news (-an therefore lie telegraphed EidvantugeouHly, But where a 
large installation uiul establishment, wilh amimiihitohs, a large in- 
jfinimcnt, and an o|>eFator to work it are n^uired. the cost of tele- 
graplnng even^ individual picture bcomes quite out of ]>ro|>(>r- 
linn to its value. It is iherefnrt* desireble to diret-t special attention 
to the pEjrtahle iiiiitninieuLs. llie first one of which is shown for the 
first tinie to-night. A photogrnplier going lo obtain pictures of some 
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iniiiortniit fiinrtimi or inti'restiiifr cvont cHfj tn!w! tiit- iiitiL'hin« wilh 
Jiiiii. propane his pictures, auil iclognipli Iherii lo bis Jieud Hdlce, and 
\rben tJio event is over be simply reluriis vviLli ibe apparatus. For 
criminal inv'esii^nioriii, lUe portable iiistrunient wiU, I fwl sure, be- 
cxjine of {.'uu&iderable value also. Tbroug^li tlie coutiTiiicd courteav 
sbow'ii by the Fiwti]iii>ter (ieuerHl and Maj, fJ'Mcara, the engineer iii 
cLtief, we have been given every facility for ilev'eloplng tbe work, 
and 1 believe! bat the uses of tbe portable instrument will Ijofon; long 
bare amply demonstrated. 

If u picture revolving Isjneath a traeei- lias to rwli-aw iiself. as it 
Were, on a jiiece of ptijjer jjcrbaps htmdi'cdH of iinh^s away, it is 
obviuiis that each tnai'k redrawn initet oevniiy a precisely siinilat' spot 
on tbfl new paper as it thuis in tlio originai pictim'. As cylinders or 
dr I j ms ait) used in picture telcgrapliy, iJiLs meaiijs that they niiLst i-e- 
VO ill perfix't titiison, ■ If one drum were to gain on Hie other wc 
sbould bave, in the case of n portrait, a nojs) being recorded where 
tlie eye might to he, or sotnethiiig equally disastrous; in fact, if tbe 
two nijicbines get the least iiit out of step, tbe receivtil pieture is com¬ 
pletely niineii. Tbe method of synchrojiidiig used by I'rof. Kom 
has proved verj' satisfactory, and bos been adopted in pniclicallv all 
systems of phototeiegra|)hy. Tbe molors which drive each ilrum arc 
run at aixait ,1,0(K) revolutions |)er niinnie, and geamt down very con¬ 
sul era lily. so ibat the drums ibmiselv-ea revolve, perhaps, at 60* revo- 
utiojus jjcr minute; die motors are nin from swondarv batteries of 
am^le capneity fo insure suiooth working, and dmuld'be run for a 
siiJIicient jirno before beginning a tninsmiwfinn to allow of their 
warming up. 

The ttpef.d of each motor is controlled by a regiihiting reHistance in 
senes with the field magnets, and the sfieed Lh aMA-rtained by rneana 
of a freq^uency rnetei', winch indicates tlie miinlx^r of revolutions per 
second, 'fhe dial of this meter is shown on the screen. X .set of t lined 
steel tungiiea arc fixed in front of ii magnet, wldch is supplied with 
alternating ciirrtmt oLlained from slip rings on tlie motor, and cneh 
tongue has a different peruH] of vibration, irhen the alternations 
m magTwtism corruajuind with the pepiial of vibration of any one 
Sjirnig. that spring vibriites, and tlins serves ns an indication of the 
speed of the motor. 

The receiving dnmi is revoHtd a little quicker than tbe transmit¬ 
ting dnim. It consequently i^mplotcs its revolution Iwfon^ the trans¬ 
mitter. Tt is then stopped by a steel ebrek, and is obliged to wait 
Until tbo other dmiii has caught it up. ^^Hieii the tmusmitting drum 
has ijompicted its turn, a fJeeting contact comes into play, a reverse 
cwri^nt is sent to t!i* inie5trumpnt; tills U letl lutci n polar- 

isfifd r^Tjiy* wLith an electroniagnttv, and thi-n to- 

movoi; the check. 
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Tbiis, however rarteh one ilriim pets mil of step with the other^ the 
ftiult klmiitiHl tociich revolution, nuH both drums iiiii>4 alniiyij stiirl 
off in untson forendi new revolution, I luive fouiitJ t|i;it when- each 
operator eiuleuvoiM to keep liijj motor ruiinitig uniformly hy regii- 
Jatnip the rcsistunce aceorffing to the ffuctuatious rceordeil hy the 
friNpiency meter, the personol element mak&j itself visible In the re- 
suits; straight lines appear wavy, ami tlio syiichroniPm is not at ull 
piuji. I Iherrfciiv li'i«] very cnrefiilly enlibrattng the motoia by 
timing first, iiii<l then Arranged that, once startixl, the motors slionhl 
not Ih- toiK-heti; the gain in speed of cadi is approxirnateli' the siune 
if Imth motors are nin from secondary butteries (*f the saom timpere- 
hour capacity, and in this way we liave obtained the niost perfect re¬ 
sults ns regards sjmdimniitatinn. 

The groat advantage of this process ia that the whole operation is 
in full view, iivlicrea,s with aystems in which the leceived picture is 
obtained on u photogiaphic film one has to develop sndi film before 
tl m possible to discover whether anything is wn>iig, Witli the re¬ 
ceiver deserilMHl, the operator keeps ills liniid on the sliding contnei 
of ttiu resistatices, and merely adjusts their position during the firnt 
two or three seconds, according to I lie condition of the deetrolytic 
marks, i. e,, whethei- crisp and concise or not. Tlie traiismiltirig cyl¬ 
inder can lie used as the receiving cylinder, and the apparatus is'thus 
rediiceti to the Jjifirta of simplicity. 

Towa^J tlic end of last year I de-nigned a poj table machine, two 
of which ^f^, >Sariger>.She]dH;rd has just completed, einhodvdiig iu 
them a uumber of impmvetiicnts nf his own. am! these machines, 
whidi have worked siiwessfulty on tlieir trials, are shown on the 
lecture table to-night. Tlicy are suitable for line or wliv-Iessi work 
and will, r hclieve, prove of great value in naval and militarv’ 
cjperfltmTis, 


The Dady Mirror inaugurated the Parls-I/mdon photographic 
semcc in lOCT. with Pnif. Korn's selenium insttmminbi, 

which T shall briefly descrilie, as Korn Is now making two new 
wleriium appaimtiis with the view of frananitting photi^rmphs from 

TSew Wdon. In tin.? syfitem h miiflc nf the fiict thitt 

p dectriP4il r^istflnrp of the metiU selpniuui vnries to 

tiH' of lilimiirmtiori to which it is subjecterL a heam of lidit 

pawfl throii^rh the lipht and dark pitrt>i of n photo^nsph in 
Gion wing uset} to var\^ the strength of nn plectnc ciirreni scot to the 
w^i™gnpprtniliis. 


Tn 1^0111^ selenium transmitter light b enneentrated from » Xem-rt 
lamp to pass flirmigli a revolving glass cylinder, rtiimd which a tmns^ 
parent photograph (printed on celluloid) is fixed, the beam tmvew- 

y ’*’lH‘re the rays come to a fiams 

IRg- 2). The light which passes through the picture is reflected hv a 
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prbi^i insiiiv the uylitiilei' on tci the ^bniaiii celh thrcnigli which the 
cmrrelit Acroriti tiw? eirctiit m sliiitilerl a ^Ivnnoiiieter of tlie 

Einthoven put tern, coiiULiiun^ t«^i> line nilver Jitriiigy fm to iiiOTO 
Irttenilly in a ^^ti^ori^ iiia^nietic: tieh]^ Tbtse j.ire repruf§vntc<l by AB, 
tlu- nio^et \yoh^ beiJiff MxM. iVlien a bright ptirt of the photograph 
It limits of ligtit fulling on the sensitive cell, current through 

ABj and it nhiftH afzjde, uHowing^ light from u Kernst lump to uJiter 
tlie j>risui l\ it is reflecttd on to ib<^ second cell SS. The tele¬ 

phone lines connecting the Uo instnimentK go direct tu the udr&s of 
u sindlar g;iIvitnoiiieler^ w^hleti in in ejcries with the gnJvaciatncter of 
tlie inuismittiug iiiMi'Eiinent. If we iniuginc MAI to l>e the receiviiig 
gulvanomcler, tJien remove the prism l\ siiid the light acts on a 
seoi^itive photographic film attudied to the dnim whkh revolves 
synchronously with the glass cylinder of the sending instrument. 

The inertia of selenium once overcome, the nieiiil immediately 
comes of great ijsi^ for inany purposes. Prof Korn's met hod of oom- 
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pensdtion is to let the light fail at the kiuiic time on two cells of op¬ 
posite churacteristics; oiie has great inertia and small sensitiveness^ 
the tidier low inrrliii and great sensitiTeness, By using the two ceils 
on r^pposite sides of a Wheatstone tiridge. dividing the battery into 
two parts for the other sides, the deflection in I he galvtinonietor is 
very rapid. Vou will see the eirect from the two curves no>v shown 
on the screen. That aliove ihe axis along which exposure is tneasuretl 
the sensitive cell; that t>ehiw this axis the cell ojf low’ senaitivcncssL 
Clearly the current passed through the gaJvauotneter is tbat obtained 
by joining the ^utii-s of the orelinates. Thh givers the snuilJ curve 
shown as tiie shadctl [>ortiim» When the illuiuinotion is thrown on 
the cell the current rise^ very rapidly iiistend of gruduaLly^ ’whilst 
w hen it is suddenly rfnit off (at P in the ujijjer curve) it drops to 
zero almost instant 1^^ instead of falling gracluallv* 

I ^liail now show, b^v means nf a metcr.^ an iniage of tlie pointer of 
which will lie projcrted on to the screen^ Iiow' the inert ia of selenium 
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h «vo™rno. Vo,I will Hrs( Unit if I tnki* ,iu',iy the scm-n 
o H liw Iglit to ftiJl (HI the seJenhini (tII, ciirnfJU jju!$ 4 .>s Ltito tin? 
gflivanometer, wicl the m-edlc slowly deflects several degtves. Xow T 
(]uickly aimt off the light by intercepting it with tlic ffcrei^, «nd the 
needle eoin^ .Jowly backwaKl. Such sltiggiah tnovemcl would l« 
unposiilik for the ptnpoaes of photo-telcprapbv, where ot least half 
a <lozen changes ^r second aw m|uiwd to be r^^rdeJ abrupt Iv 

flven IQ t^naiiitting the simple poi-tniits to which Ujo seleniiiia 
prociH^ ifi Jimiteii. 

Xow, using two cells of different characteristHS and a Wheatstone 
bnd^ arnin^menl, J will o„ee more allo;v light to fall siiddenly 
on the two cells Hitrmltani'ousjy, and you will see that the giiJvariom¬ 
eter nets lie rectml^ the change in resistance of the combination unite 
quickly; Uie wmbination is even more iiotiwahle when the light is 
andJenlv shut off agam, the neetlle returning to licro with gr^at Rapid¬ 
ity. This wmiH^nsaied arrangement of sedenitijii cells at once renders 
mlT Pi^^ttcal value for various physical and optical measure- 

tneiita. 1 rof. Korn has found lliut for an increase in the illumina- 

tion tlw current obtiuned is given by the equiUion y- nr.al.ir 
where y ta the current, iv the sensitiveness of the cell, 3 and m its 
inertia constants, and tlio laisis of Xa[>eriaii logarithms. For two 
celK to Jk> combined to the gt^atest advantage wc must have them 
mmh LiiHi if tJmr equations ure respectively 

1 


ilnd 


than 



fit 


i!i is usually alnn^t constant, and witli suitable Giltav cells is about f. 

nr;r..ir^ ll* 1 '‘"m Wlldition for compensation is that tim 

principal cel] shoidd Imve great sensitivenes and a s^iiaJI inertia con- 

itant, the prednet of sensitiveness and inertia constiiut liemg the same 
in the case of both cells. ^^ 4 , oic tome 

..f wlmkin. .™ of a,ok ta,.ort.nco tk.t 
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way in whirh they mny k- iirilis»!,J u> sulvt- n probJeni .ihiit, hiw Innir 
iwciipiifil iiiatiy ini-isligntops. yJk, the Hitkfnclorv measitretnent of 
the lx?nin of lietero#reiieous ravs fmm irn X-raT lube. Whenever a 
aew tube U iisetJ m radiographie work, a different volume, nr diflei^nt 
mternipter or cod, the time of ciposture fur the pliotograpti if pliite 
has to Ixj determined nneo-. The fitretigtli of ilie tube under any con¬ 
ditions can, however, lie determined hy means of a simple picro of 
apparatus which I havo constructed, the working of which I shall 
in>vr ho ubie to iitiow you. 

If the X rays fall on a tltioresceiit screen of burinni platiuo-crvanide 
he ^reen nhsork them and emits yellowkh-gnen liaihle rat's; this 
tran-sfortned ener^j' is cnpahle of aiT^tinff a vert' sensitive selenium 



tho gi^ter the fiuorcsconce. ^ on will see J,cre a selrniiim co» 

siniill 5«^ii of the same aiae; the cell is put in series with 

inav k7 " milliampeie meter, the divisions of whicii 

scale or to the lime 

-T f of photographic plate. 

acSistWnil^f dial depends on two things: Fit^, tho diar- 

(■hnm t convenient to employ. Second, this 

hnrartenrtic curve must be modified to meet the case of iliumina- 

lion by the rays from the antikathmle. which do not uece^rity 
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ilbninbth in iliftlr powL*:!' tti nmkv tlic sciieen fltioresoe as the squan? 
•of tIjTi fv<mi it* Vou wJLI on tlic scr>o<!ii ilm character¬ 
istic CKir\^. ol ^ i^^enlEitii cell for feeble illutmjiatioziT tlie 

TiiuNiniiim l>pi]kg' of alioat the saiiie i^'ave length aa tliat of the tluon:!!^' 
cence* diowing the relattoo lietweeti resist a nee atifl distimce separating 
the source of iUununation and the i?elJ« and also the mod 11 aid eun'e 
sf to wing a similar relation lietween resistance and distance between 
antikathodo and celh with the Ecreen in contROt* The portion of the 
first curve most uearly asymptotic is l>est to employ for the work^ 
and from the second curve the ilial scale of the meter emi tie easily 
calibrated. If* now^ I vary the height of the X-ray tiibi> from the 
measuring apparatus^ you will sec that the meter needle is deflccteil 
less IIS tb6 distance! hetweeii tnlKi and cell is increased* The actnal 
instrument is provided with a scale divided so as to show compara¬ 
tive times of exjKHurCi and by its niic mdiogj-aphic work can U‘ 
greatly facilitate^!. 

It is interesting to note tliat tlic effect of the rays on Ihe flkiori^scenL 
screen, as estimated by the selenium cell, diffci's less witli incix^asing 
disUmc^c the faiiher the antikathtMle is from it! 


'UfilJinrw Hnll- 
kMUimk' fnrnik 

KplWfllttlS. 

inprunl4il. 

lKflm*nw. 


1 

1 

i 

Q.XL 

— 

A 

.2? 


la 

.S 


mi 

.'3U 


u 

.IS 


1B 

Ktffl 

.Ifi 


A good deal of time ha$, T am afraid, Ijeen taken up in giving de¬ 
tails of Eippamtus^ but I will mm show seime of the results tlmt have 
lieen ohlaim'^1 in practice- The sclcfiium niadilne^ already refcrre<l 
to yvttv opcratwl between PariK, Miiiichester^ and London until the 
end of the year IS108. The firnt photograjih received (slide) w'as of 
King Edwardj and was iwcivcd at the Daily Mirror I tbs t alia t ion in 
XovernUu', 1007. Severul results will now^ be shown in the lanteni^ 
and you will observe that they are all coinptiSicd of pxarallel lines, 
which wdden or ‘‘^thm*’ according to the density of the picturt% 
These lines corre^ipond to the movement of tlie slnitier attached to tlie 
strings of the Eiuthoven galvanometer, which regnlatcs the thick¬ 
ness of the spot of light focu^^l on the revolving Eensitiv^e film. ThU 
spot of light traces a spiral Utie iiround the film* w'hicht when dc- 
velojyed, is Inid Hat, and the spiral becomes resolved Into so many 
parallel lines. 










TBlxROBAPy\ OF PHOWOBAPMs^^-BAKER. 






ffO Can^£JtfiA¥iSf/ 


Ijftte in 11M)S Prof. Korn inlnxliioefl hh tpluiiti>gt*u|ili. in wliicb a 
tmrisiuiiter, sueli as alreRily deticrilMKi for Iht* ti!lectr(^rixph* is 
used^ and w Ymi* sketdi or hjilf-tono plioiog^rApli Is idtuuhed to tlit^ 
drum. Thr receiver b similar to that used in the scienlum nmchjfies, 
n spot df light cast on n revolving sensitive film beitig sljut off even? 
time current (lows Liiit^ugb 
the wire of the gnlvoiioiiieter 
and displaces it. When dis¬ 
placed tlie shadow of the 
wiri? falls over a fine slit 
placed in frrmt of the film, 
and so prevents the 
ftotii psnssing tlirongh to it* 

A line sketch troiutmitted 
from Paris to l^midon in this 
way is now i^hnwji (pL 2 , fig* 

2^), The iuelliod>i of nyn- 
cfaronis^iiig the voiding and 
receiving cylinders ia the 
suinn ua that ns^ in the tulec- 
trograph; hid Prof* Korn's 
work was done prior to mme, 
and his armngenients were 
tiierefote copied by me. Sim¬ 
ilar methofb have be^n 
adopted for ninny years, how- 
every in certain systems of 
ordiuaiw telegmphy. 

There Ls a great deal of 
interesting matter cDnnectta.1 
w itb the efficiency of the gah 
vanometer-rcceiring appara¬ 
tus, and the vast amount of 
careful work done by Pmf* 

Korn to increase which 
time quite forbids my men¬ 
tioning, and I will therefore 
paj« on to the latest pliase of 
jjhototelegraphic ^vork—the exfM»riinents now lieing enrrird out to 
elfect wireless transmissions, 

Tlie wireless appamtns for transmitting sketches, writing, or 
simple photographic images over di.stances up to about 50 miles may 
perhaps be looked upon as ratlier rudinientary, but I shall be able to 
shoWj from actual results^ that it is at any rate piiicticable, and it is 
certainly more s'lmple than any method based on later wireless re¬ 
searches. 


Fill. 4 ^ 
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1 will first show yan iin t*X|wrifnt?nt| for the ?4lmplicrity of which T 
niiti5t iisk your \tATilanx htU it jUustmti^ m dearly how4?afiy H it'tilly 
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i» to transmit n pbologtaph by ^ireiew under ideal conditions. I 
have liere a small eJectric iRnip, coupled «p with the local side of a 
relay and battery, the relay being actuated by means of a ooherer do- 




















SifiLlhiOiiEui RjtpoiX S«i(ar^ 


Plate 2. 



1* pHOTOQftApH WIBE& FROM pAftia TO LO«0Q« 
RV THE AuTHOR'R TELECTOGRAPH* 



2. FasHIOIV PuTE iHAmWTTECi p-V PAOF££$OB KO«N*ft 
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tfictor. At llie otbLT side of the plntfomi there is u Jlorse kev. whieh. 
when cUksch tiie prinmry drenit of an induction coil, Uie 

^■oiidary U-mg coupled up in the tisuiiI way to give osciJktioiiB. 
« hen I press the key, and tlierehy send a srgunl, von see that i]ie 
hiJup at on« Ijghts up. If the coherer he tapj^d^ho lamp is es- 
tiJi^nnshed, and another tap of tlie Morse kcv caiises it to light a^niJn 
Now suppose that the ta,« nf the Morse key were controlled the 
Jmes in a photograph or sketch, and that the light from the iani.j 
n'ere iN>ii«ntrat«l on a revolving photographic film, a,ui vou will sec 
rep™ “ Pli<Jt.)greph could be trananittetJ by wireless teleg- 

Such a pi^-css woiilil l>e utterly imprecticabJe conuncrelalJv, but niy 
telwLix^phrc ^stein can be used with suc<x!ss in its pkcc; A line 

Sniirtril^r^^^ "dready descrllxM k aUacheil to the drum 

passed into tk ^ r' ouri-ent, which is orilinarilv 

h^th fU . f M in tigni; 

whirh^ ^ fi" “ , diaphragm atladied to lirass springs, 

^l.tcl. are fixed to two rigid supports. Every time eum-m fioS 
through the magnet coils thk diaphragm is attracted to if. and the 

2 m™ ^ together; when the current flows, 

Jiud i Q are iti contact, llm primary circnit of a Irani!former is closet] 

1*0 iJiductivelv coupled' 

o tJio aenal and earth, a .igna! k transmitted into space/ TlZ in 

the wirtle^ tmitomitter the only difference fionj ordinmy teleintiphv 

lire regulated by the lines composing the sketch or pliok^mnnh. ^ 
len woi -m^ witli high v^iliHges in the [irijiiiir^^ such as 110 

end Q when attreded must Iw considerable. This means that 
the disPmoc^ Iwtween the diaphragm ciaiiipa umst be short, nd 

r diaphregnr k made mgst 

veiy short “l «he nature! period of vibration 

reiy short. I have, however, found that by interposing a meminr 

l^fjmiirj' cireult, arcing is almost entire!v 

klTr ^mni iiitemipted m, inrtait 

later, unci the ctrases in LOfisHHim-jice. 

Tlie receiving apparai^ k very simple, and depemk. for shori- 

“ r cymoscope, the decohering apj>a™ti« 
bemg of a particular character. Every time an oscillation to 

J1 nf ■f^TI TFfI lIlD i-LHrfB M _ 1 J- * - 



1 i. ] * itiHi iniJS (-HilKinST II to 

lose Its oonducUve power. Hut a vibrating hammer is useJesi for the 
p in i) e egrap^ic retsoner, and tl is ps.sentiai to have oue strike only 
on the coherer for each signal tlctecteil. 


270 AKNtTAlx REPOHT SMITHKOSIAif IXfiTlTlfnt>!S, IMO. 

TJte form of nppiiratiiK I imve f*mpIoyvil for iliis purpose is sewi 
duigroinalicntlj it) tiio iieKt Isiitern slide (fig. 7), EE is the 
iimgnet whieli is sctuutetl by llie relay H, It then nttraets uti tirtna- 
ture ilX, iivhieh moves toward the luagricl poles and bringst a resili- 
eiit lifluimer 11, fitted vritli a platinum contaejt p, against the coherer. 
The coherer AB is also fitteii with a collor F and contact pin. so that 
in the act uf .Hlrthing the eciherer the Imtnmer closes a local circuit, 
anil Mt cntises a black mark to appear on the ehemicnl paper. Sue- 
cessave distinct marks can be r^litiiinerl in 0.01? second in this tvay, 
winch is coturidenibly more rapid. 1 belic^'e, than n decoherer was 
given crtxlit for. 

Tlicrc is not suflicieut time to siiow nn actitu] transmission by wire¬ 
less, and I slmiild like to nmke it clear that only sketches of the 
simplest character are at present being tram;mittetl: but, as you will 
sec fiTom the rasiill thrown on the screen-^* simple portrait of Mis 



Majesty the King—^ihe images are rccognistable, and merely require 
slightly more detail to make tJiem quite comparubb with the early 
results in line obtainol by Prof. Korn’s telautograph. 

Another result shows a plan transmittMi by wireJessj here an 

island is seen reprifienteil, anil a lighthouse—or it might be a fort_ 

and by means of letters the positioiu; of sections of an army on the 
island are sup{m^J to be de$agnated, while tlte shaded portion might 
mean that the ''enemy'* is in that part of the island. 8iich plans ns 
them* could Iw drawn direct in shellac ink on a slip of metallic foil, 
phirrd Upon a portable machine coupled to a portable military wire¬ 
less sset, ancl communicated from one section of an army to another. 
The small portable machines 1 have already shown are used for tlie 
wireless tninsiuissioms mid they possess the advantage that “tap¬ 
ping” €if the eommiinjcations would he quite impossible. Tt b for 
this renwin that I think the melhoii would tie of such value for mili¬ 
tary and naval purjjoses; even supposing that ttuyone wishing to 
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Jntenvpt a plaa or mcsf^agu? were to have an exactlv Htmilar 

iru^tninient, with the same dimensions, strew tlnvads, and 9 t> on. bv 
merely altering the rate of running by 5 or 10 per cent, according to 
prean-angeii signals, the picture as received by the intercepting 
party would be iiuite unintelligible and wmfused. 

e have already seen that in the telegraphy of a picture bv any 
system, accurate siTichroniwng of the sending and lecciv'ing appa¬ 
ratus is essential. WTiere a metallic circuit links tlie transmitting 
and receiving instrunieuta together, tlie matter is ati eaw one, and 
we have seen in wbal way it is effected. Hut wtien dealing with 
wireless work, the ituestion of sym^ronism Ixjcomes more seriousL 
T have employed two metliodH, each of which appears to 


answer 


cHttanremcrwic pom w/jccttis 

He, a 


satisfactorily, and as they are very important 1 will devote « few 
moments to their description. 

Tiie first tuelliod sraures accurate synchronism independently of 
any wtrole^ communication. You have already seen how, in* the 
ordinary telegraphic work, the receiving cylinder Ls driven rather 
faster than the sending one, and when it finishes up a complete turn 
too soon it is arrested until the sending cylinder has imught it up, 
when the latt^ sends a reverse current, wliich is responsible for its 
*^t***^' in^tbe wireless apparatus both sending and recei'^ing 
cylinders are driven loo fast, so to speak—that is, they are made to 
revolve m four and three-fourths seconds instead of a nominal live. 
A check comes into play at the end of the revolution, and the cylinder 
is stopped until the five seconds are cumpleted, the luotor working 
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El frietifin el Lite 1 1 in i\w urclinary flu ring tlie ^rtopn At 
the end of ihe fifth second each cjHiider is antoiuaticAlly by 

dirorioiuetric mains, in the nmnner shown in the next diagmin 

jjei-c YOU will see that n special form of clock is iised^ with ji ei'nter 
^ond^' hand which projari^^ beymnl I lie face by jibouL an inch, and to 
the i^ud of it n iittaehal a brush of cjfemlingly fine silver wii^ea At 
every twelfth part of tlve cirttimfereneo of the dock dial is fixed jt. 
platinnin pin, and [^onsf^fpieiilly every five st.vonfls the little bnish 
wipes the convex surface of one of tliern. hhicli of ihctso pins 

is conneaUefi with one tcciniiial of a battery the other side of the 
battery Iciuiing to the relay IL as docs also the center sj^iiondn’ hanfh 
Therefore each time the brush wipes against a pLnthedneuitiscUitiedi 
and the i-elny throws into action the local circuit connected up with 
ihe terniinids TT* This circuit excites an electromagnet, whii:h 
attracts ati annature and pulls away the clieck wdiidi h holding 
hack ilie cylinder. At the end of citch five sseconds ihe c^dinriers 
const^liiently recoiiimetico turnings 

'Wdhcalihni.ted cloclrs of the pattern used will keep goixl lijne for 
I he period taken to tnin^^mit a picture, one gaining on the other quite 
jin inappm'ijthle ipimunU depending on the friction of the bruBh 
agiiin^?1 the pins^ By this nieuns the two cylinders ai'e kept in very 
fair synclu'onism indepndcntly of any wdreless comm unicat ion* and 
the less tile interval Itetween the stopping nnil restarting of the cylin- 
ders Ix^ made, tlie more accurate and satLsfactory will be the effect. 

The Either method of synchrtmizing is cuntridleci by electromag¬ 
netic oscilhitions. I^ct ns suppose that o coherer h i>eing used ns 
cyrnoscoyK*: the rninsmitting cylinder is kept running without any 
iiitcrniptionH but hy means of a fieeting contact it ^nds out a ware 
III the coneluKiDii of its ium, a bare space in the picture being necea- 
^ty about hnlf it fek-coml Iwforehand, so tliEil no Avivves arc nut 
for the lialf-second piYvioiidi'* The riH.-civiug cylinder h driven too 
quickly, and chccki-d at the end of the revolution. It then, by means 
of n cam pre.sjfing down a spring kvet, throws out of circuit tho 
marking ciitrcnTt fitid brings into eiiTuit the relay winch actuates 
the eler^tmimignetic release- Cpiii!«,^uently, when the synchronizing 
wave ia reoeiTcib the coherer cutises she relay to wnrk^ the it^leuse is 
effected, aikI ilm m^eiving cylinder starts a ik*w revolution in iinisun 
with the transmitter. 

This means of synchroniKing is only possible in cases where a 
cymoscope h employed that b enpabte of actuating a relay, and you 
will rlicrefore see that it is ml of the question, except for short dis- 
tAnce$i. 1 am I here foie using the chronornotnc ^stein alreadv de¬ 
scribed in the apparatus, and it is Ix^ing embodied in the v|uartz liber 
apparatus I um now aljout to deHcrlbo. I must first remark that the 
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TTiretess work Ikto fEieilitfitted by tbe wurteous a^^i^^tance 

rtiulily pven by tbe Marconi C’oiiijsjiiiy. 

The ^eiiernl form of the Eintbov^n ptilvaii&mc^ier is well known, 
mill the niucljfie«] typo of k used by Frof^ Knm for phototele- 
^^niphiiT piirpc?^^ hm been iilreadv* Fhown, If, now. we mnke the 
nia^netir field very much more intent by building the field mugiiets 
heiivier^ nod tisiiig n laigip uumher of nmpere turns lit tin* winding, 
nnd al.so etiipkiy n ^"string/" wliirb is very much more elftstic than the 
silver riWxuj* the dispbicemont of the string will \>e coiTes|>«]indingfy 
greater^ The silvered qiuirt^« hitter iise^l by Duddell for this piiqxise 
givet^ ftri extremely s^^-nsitire instrument, and very iippreeinble dis- 
{ihieemeni is obtained with ihe current from one dry cell passing 
through to ^K) iiiegohins tt^iKtanre, 

Ir is no( long j^inoe Frof* Fleming explained a| this instiUitioti the 
valve receiver for detecting wireless osci lint ions: irs ordinary wire¬ 
less telegrtiphy. the minute Liliernnting currents niv mdified, and 
sounds nrc heard in the telepUono in circuit owing to small unidi- 
rectiorifll cniTents. Tf theM> currents Ije passin:! throiigli the silvered 
quarts ftiring of the gulviiiioineter* the string is shifted. If, tliere- 
fom, we cause i\ shadow of the string to lie over a fine slit, any dis- 
platamient will raiise the slit to lie openeil, as it w'ere; the shadow will 
lie shiftei] off the slit, and light will be free to pass through it. 
Oscillations comosponding to the lines in a photograph or sketch 
ronld tlierefore he iitiliTncd to tuiiise shifting of the shutter iu the 
iniinner 1 have ali^aily dc^?criljed for Korn s tel autograph, and a 
serLsitive phntogra|}hir film couh! lie revolved on a drLun behincl the 
slit to receive the picture. Such nii oppamtus is now in course of 
prt piimtioii: bn! the amount of liglu that pa.sses through the slit h 
extremely small, owing lo the fitiencss of the fiber, Mr* Sanger- 
Siiephercl has tlien-fon- ailnchet! a miiiute shutter to the filwr, cn>ss^ 
ing the optic axis; this enables tiie to use n very tiuich ivider slit^ 
an«l also to adopt the nllemntive priHvdiire for receplioni which vou 
will now isec represented in the diagram on the jiacreen. 

For photographic reception, the oscillation is passed into the valve 
detector* and thence to the quartT: fitH>r All, which is si notched 
the field of the magnets (not ahowji), the poles of ivhieh are boml 
with a ttinncl* through which ihc Ijcnni of light is dirwted* Mlieii 
the fiber is displaced, light is enabled to pass tlmiugh a fine slit ^\\ 
and so act on the photographic filnu Where^ however* the shutter is 
attached to tlu^ filler* a much wider slit can lie usetk and then a pair of 
narrfiw I'ompensnted ^lenium cells SS are plaml twhind the slit \\\ 
a positive lens Ikdng interposed. When a signal com*Hponding to 
fi dot in the photogniph (u the tniversal of n Line Iw the Htyltis) is 
Teoeiv«l. the filler shifts, ligin falls on the cells SiS* and tlidr resist- 
OTTjTs^^sw into- 
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ance i& siifri{!]ent]j to enable tJie hatt^rjp K to aotuato the 

relay R, Thb doses a Ifx»] cirettii^ in which the teleetrograph re¬ 
ceiver is indiidodt and a mark appears on the paper. In this way a 
visible record b oblainedf which greatly facilitates the proceas, 
Wirele^ phototelegraphy may eventually prove of more utility 
than the closed-circuit loethoib^ Ijecanwj it would bring America 
within reach of this country, and would euahk communleatlou to be 
made where telephone or telegraph lines did ucH: exist. It is not 
limited to photogra pi is—banking signaturefn sketches, maps^ plan<H 
and writing could be transmitted. Bui 1 woukl {loint out most pir- 
ticularly iliat tlie work is ns yet in the very earliest stages^ ojid tirat 
in some account of it to-night. I may be bringing before 

your notice methods and lystems on wliieh a few years lienee yon will 
look Imck w ith a smile—as curious merely from a historical point 
of view\ 


MODERN IDEAS ON THE CONSTITHTTON OF MATTER.^ 


JEJkTi BECQpntivU 

at #Af^ Ma^eam 0/ Satarat niJftur^f, Purin^ 


For II niimber of jenrs past phy?3icists biiw U™ biyiiig the 
foimdatiuns of n tlirory of jiiatten A serii^ of bold coocep- 
ticHis, baaed on imlooked-for facts^ hiis ^Forked a deep-seated traijs^ 
formation in tJie preTJously accepted ideas concerning the conatitu- 
lion of b<H]ie& 

Everj'otie knows that substances 1n gene ml are divided into two 
gronpa^ simple bodies or elements and complex bodies made tip by 
the combination! of these elements. For n long time these bodiea 
iiave been considered as comiiosed of aLoms wliicb have combined 
and formed iiioleciile^ the litom being the moat minute quantity of 
matter ehnracteristic of an element and capable of entering into 
chemical combinations^ while the molecule of rt body, simple or com¬ 
plex^ is the smallest particle? of this iK’idy which is capable of exist¬ 
ing in o physical state. l>t us consider an example: The molecule 
of water, the smallest quantity of vrater which can exist in a physical 
state, ia the reAiilt. of the combination of two atoms of hydrogen 
with one of oxygen, I shall repeat liefnre yon the classic experiment 
of decomposing water by an electric current; oxygen is set free nt 
tho positive pole and In'drogeri at the negative pfdc* the two 
coiuing off in the proportion of two volumes of hydrogen to one 
vpliime of oxygen. 

The molccuk of ii comples body is nlways mad« up of the utoms 
of at ipast two elements, The molecule of an element may be made 
up of 011I3- a siiifrlc Atom, iie is the caise with momiKunlc Iwdies such 
as hdhim, zinc, cadmium, or niercury, while m other t^es the 
molecule of a simple body may be n g^up of several atoms of this 
b^y. for iiistancsts hydrogen and oxygen nre diatomic, while phos¬ 
phorus and arsenic are tetretomic. 

^ The discovery of Gay Ltissac concctning the laws of the compo- 
sition of gases led Avogadro and Ampere to declare that gnses eon- 
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tained in equal volume^s the same hujnbt'r of molecules, and llml the 
definite proptirtionfi iu which they comhined repPKcnted the invari¬ 
able rektion l)et.ween the welghtii of the atoms ivhich were in juxta- 
ixiflition. 

The theon' is Ihnt in the interior of lM:>dies the constitneiii mole¬ 
cules are perfjetmilly animated by a movement which Incomes cor¬ 
respondingly greater as the tcm]x?ratiire tiecomes higJier. If tfic 
ftwifilled of these thermic movements could lx* gradually reduced to 
aero, tcin|>enitiiref> would lie oijtiiinetl which would apprr:kach more 
and jnurt*! clot^ly to tlie limit of teinjHTiiluj^^ found nt about —273"* C. 
This temperature^ the lowest conceivable^ since it i^orresjHHids to a 
state of nqxisc of the molecules, is called alieolutc zero. 

The principles of mcehanics which apply to this ixmception of 
molecules in movement takes aerc^tamt of all these laws to which 
gases and ijissidvtx] bodies are subjected. I Kin not CJilargo here on 
(he methods which have made it possible to count in a culdo centb 
nietcr of gus nt ordjuai^' temperature and preisure, fhii'ty billion 
billions of luolecules, and to evaluate the dimensiom of one of 
tliiisc^ molecules. The diameter of a molecule of oxygen, for example, 
is H few tcu-millionths of a milliineter. These figures give fttme 
idea, how'ever, of the extnjnie diviidbiUfy of matter. In cormectiou 
willi this ilivkibility of mutter it h mteruftting to recall that uirconb 
ing to liertlielut the orior of one hiirulrf'd-tliousand-miJliuJith of a 
gram of iodoform pr oubjc centimeter of aJr is proeptible to the 
ftcnse of ftinelh 

You ate all aware that matter attracts matter, in amirtlam^e willi 
the universal lu^v of graviiiitioa which rulea the iiiovcments even of 
the stars. The invariability of the constant of gravitation haa mtg- 
gested tlie idea that the atonv^ of all bodies can W formed liy the 
unequal condensation of a single principle nnd the relations dis- 
covcrefl bv ehcmi'fts l>etween the difTenent element lend lliemseheft 
fiivombly to flik hy]X)thesis. 

The idea of a single principle m tlie ultimate con.slifuent of all 
things, dates in reality frtHii the most ancient times. Twenty-five 
centuries^ ago. Tlialefi pmpoiltided the extsteno^ of a primordial fluid 
to wliich he attribute u sort of soul and a power of attraction 
A Maxima rider, Anaxiuiines, and llenxlotus spoke of a universid priri* 
riple, and Pythagoras located alx>ve the air ""ether, a celestial sub- 
stance free from all perceptible m^tter,’^ Five hundird years before 
our era Leucippus and Democritus liiul conceived of atoms indi¬ 
visible and eternal which moved about in infinite apace* LucretiuB 
a little later exjmtinded similar doctrines. Finnily Dearvirtes and 
Ix ihnitz devoloiHal for Lhenifielvcs an idea of mutter which led them 
to Bimilar coneliiflions. 
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A1k>uL the? i‘iul uf tile Inst century an English dienibt, Pmut^ piu- 
IKiundi^d i\w Ijypotlji^Ls Uiat aJI dement-^ cchiIiI Ixs mmk iip by the 
prti;^^vt3 ciindeiisntloti of b>\lro]|^nj the ligbtesl of all the tKxJiciiu 

Several yeiirs^ ago, however, inodeni [>lLytiicjst^ took ii still further 
step; they now attribute an atomic stTucluro not only to matter^ but to 
electricity ws well, and coi'i^uder matter as eomjxised of electricity. 

We shall see as a fuet that electrilictl corpuscles ha%x» been isolatcil 
which thema^lv^ ap|>eiir to bo coniposod of electricity, entirely free 
fmin anythitig tbnt cnti properly he lenued matterf whose mass is of 
rlectni-niiigiietic <jrigin and is nearly two thousand tiuies as sniiUl as 
that of an atoui of Liydrc»gem 

Thcrie atoms of cdcctricity are called electmns. They are present 
in zill IhHliea; Uiry are ihe atoms which are at the liotirce of all [jhe- 
noiiiena nf light, nnd again they are those atoms which uilu^v the 
conductioTi of heat and of electricity^ Tlie idcctron apj^oars to he 
in the nature of a miiversal ci>iistituerit of matter* without tieing 
itself imittei', in llic onlijiary sense of the word. 

Tlie lit^L coiieepliDn of an aloiu of electricity is a result of llie 
phetioiiieimn of olecttolys^iri* of wliich you may see an cj-^junple in 
the deconi|KK^itic>n of aiutlifieil water by an electric battery^ A solu¬ 
tion which i:- n oontiurlor of eleciricily and is deeomposibk by a 
carmit is termed an electrolyte. Every molcciilo of an cleetrolyle 
Is separable into two atoms or atomic groups^ called ions, which 
possess charges of ecjual rtimiitity and opposite signs | thus, when 
sodium ihloride. ia djs^solved in w^ater a certain number of molecules 
disso-.iate into lu^gidivu chlorine ions and fjosidive f^ium ions. 
Under the iidhicnee of I he moleciihir tuoveinenLi wliidi go to make 
up liCLii and a>ns&|iii'ntly from the sliocks resulting therefrtaiu there 
h II coiLstaiit n.4:oinbiniition of the ions and fresli decrompo^it ion of 
the molwuliis* In a very dilute aqueous sohitinii, iiowevern, nearly 
all the tiodium chlorido i.s found to be- in a state of disso<uatiom Now% 
if two electrodes conikectefl lo the poles of it l>atter 3 " are dip|>ed into 
the solution, tho neg^itive ions (chlorine) a ns caiTie^l to the positive 
pole {anufle} und the positive ions ^soLUum) to the negative pole 
(cathode). 

The laws of eletrfrolyais, established by Faraday and worked out 
iiiuipletdy by Eilmotul Bei^qumd have 1^ to the cundustOfi that all 
the iiruralent ionsn, Such ns hydrogen, ridoriue, ^inin, and piotas- 
wiiim, always curry the stune cliairgo (negative or [lositive)^ while 
Lhe bivalent ions (copper and the like) cany a charge just double 
the preceding^ and so on. Tlie dinrge of the univalent ion is Uie 
smallest charge that has ever taien and when sepanitol 

froni its material support consMtltutes the elet-tron or atom of eleC’ 
tricity. 
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This eleiii^ntury cliiirjure bus been siisceptLbLe of mcasureiiimt, Tt 
is easy to evnliiiitc the quantity of eleotPicUy nccessjiry to liberate a 
gram of matter—fur example, a gram of bydrogen iJi ibe electrol¬ 
ysis of vfater—and thus to obtain die total charge of the hydrogen 
ions. TJiesc ions correspond to the molcculesj and as tlie number of 
molecnles in a gram of hyilrogcii is knoirn, the charge carried by a 
single ion may lie determined. Tliig charge is very minute; it 
umounts to 4.10"*" in terms of the C. G. S» electrostatic unit. 

Tlie study of the radintions obtainetl in rarifted gases bas also 
been of assistance iti making our knowledge of tbc atom of electricity 
more definite. IVben an electric disebarge is prudiicefl in a gps by 
means of a static macbliie or an induction coil under ordinary ptea- 
sure a disruptive spark is obtained. In a tnbo where the pre^uru is 
reduced the aspect of tbht spark is changed and when the pressure 
is not more than a few milliontlis of an atmosphere (Crookes’s vac¬ 
uum) a ray emanating from the cathode (negative pole) may lie 
observed. "Whatever may be lb« position of the anode or positive 
pole, this cathiHle ray is omitted jicrja-ndicularly to the fiiirfaec of 
the cathode and is sent out in a straiglit line. 7'hc glass of the tube 
where the rndintion strikes it takes on ti beautiful green (Itiores- 
cenoe. These cathode waves cNcitc phosphorescent bodies' and heat 
screetis placed in their ]>nth. 

These rays cnianating from the cathode bear Ujc name of cathode 
my®. They iverc dLscoveted in 1809 by Hittorf, and have since been 
made the subject of study by a great many physicists, among whom 
are Crookes, J. J. Thomson, .Jean Perrin, Marjoraiia, LetianI, "Wien, 
V'illard, and others. Sir William Crotikcs was the first to proixiund 
the hypothesis that they were due to a fourth state of matter, the 
radiant state, which took shape os a molecular buinlRirdment, as it 
might lie called. This truly remarkable idea uiet with nincb in- 
creiinlity. as at that period (1S80) the tendency of most men of 
science WPS to attribute all siicli phenomena to a vibrutnry mowB' 
ment and not tu a flow of matter itself. .Many physicists, tlierefow. 
considered the catiiode rays to be due to undiilatory movements 
analagous to light. This ijiterpretatioi) was soon to lie abandoned, 
however. Later csperimentH confirmed in tlie most startling man¬ 
ner the ideas of Sir William Crookes, subject only to the qualifiration 
that the radiant state was due in the cathmie rays not to a IwtJibard- 
meiit of particles of matter, but to a bombardment of electrified cor¬ 
puscles which were much sntaller than the molecules of known bodies 
and which were no other, as we shall sec later, than negative electrons 
free from matter. 

^ J A bomidet or plicrftplivrifaMlcnt lUAteiial rondEKd Jumliivlli bj 
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Iti Dccemlwri iStiS, it. Jean Perrin siirceetleil in ti fnnilnmcntAt 
e.'cperinicnt. Hi! cl«moiS!ttruted Unit t!n) ctillRHle rays rarrtetl negn- 
tivo electricity, niid hi? charged ivith negative electricity an linfulutcd 
cylinder placed iti a gruiitided metallic vetssel.' 

Let ns consider now some otlier properties of cat I Kale rays. If 
they traverse an electric lieltl—tliat is to say, if they are jjasiicd 
ijetween two electrified metallic plates, mw [Kjsitive mni one nega¬ 
tive, u jieiicil of tlie.se rays JescriLies a parabola, as would lx> ex- 
]ieeted of a streiiiii of oiirpuwlea attracted by the i)ositIv« |>l)ite and 
repelled by the negative plate. 

If submitted to the infliteia^e of a magnet (magiietio field) the 
pencil is curved and descrilica a Iieli.x a round the lines of force. 

These two deviatioiM, electric and magnetic, allow, as Sir J. J. 
Thomson hus shown, the measitreiiient of the velocity of jirnpaga- 
liou of the corpuscles, jw well as tlie Telutloii between the electric 
ehurgi* cairiwl by a ctJrjiiiaclc and tlie mass of the corpuscle. Other 
inethudH ha ve also led to the estimation of the same qnaiitUieti with 
the following result: The velocity of the cathode (.airpiiscles varies, 
accoriling to the conditions of the espcriitwiit, iH-dween 30.000 and 
100,000 kilometers per second. The ratio of the mass to the chargi? 
is ii.tXtO limes as small as that of the hydrogen joji in electrolysas. 
This ratio is always Llie fiamo whatever the clectrodtis nr the nirified 
gas in the tnlio happen to Ijc, Here i.s a first inipurtnnt e.v peri mental 
result. 

At the same time that these reseaiches were being carried cm, exjjeri- 
rneiils were Iwing made on nidionctive bodies, w’hose study has led to 
eonohisions of at least efjual importance. 

^ on nil khotv tluvt ceHain IxmIIcs poasefs the property, discovereil 
in Febnian’, ISOO, by Ilcnri Dpcquerel, of sjiontaneoiLdy giving out 
mdiations of variomi sorts without any energy being furnished to 
them. 

'I’he electrified j>articl (!3 emanating from these bodio® ionisse the 
air—that is to say, by tearing electrificci corpuscles away from the 
molecules of gim nml surrounding thivse corpuscles with neutral 
1 nob‘^!ulef^ they cause the formation of electrical nuclei which render 
the air electrically coiuhirlive,® It is on Hwount of this fact that 
these mys discharge electrified boilies. 

<Jf the tliit’c varieties of rays which emanate from nidioacttve 
Ijodieii, one group, flic fi rays, are charged with negative electricity 
iLmt are formal of corpuscles identical with the csithwle corpuscle^ 
which may bo ileterminud by meuauritig their deviation in an eltctric 
field and in a magiwiic field. Henri Becquerel baa shown tlist 

* 1 rWrrUtlEktl bj a miigUft (?f n iffafaf yf oilh^r rsyi tiy na 

OEHnlD# nuidf* In a. icm'd |»1acn] m fnw cent3 J;i ffcnat tbe 

(1^ rHttcbar^ of m tiliNHraHratMi by rrom n 

niliiim Bftli. IncTt-nnH^ of itu^ fUKhorj^ ^IdtsDc^ of rt HluLflt En ihf vkSaEtf ndEuln. 
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ns loiit^ fis their vckicii}" doea not approat-h too ckjsely tlie velocity 
of tig^ht* tho valtie of the ratio of the charge to the n\\i^ of radi 
corpuscle is just, the sntne as that of the cnthode rnyfl. 

Again, these ^me eorpu^les nit' given CHit by incrnndegceni metHb, 
nnd liberated by die action of nltra-violet light or of the X rays 
on tiiotalB. In all these jniiiiifes-tationii of the plienamenon the same 
ratio of chaiqgo to miiBS is found. 

I am nut describe here the remarkable methods dae to tbe work of 
Mt‘s,':rs. J. J. TJtoiuson, Townsend^ and Ih A. Wilson^ whieii Imve 
made it [Kissible to measure the charge of a cathode corpuscle ^ I 
will only indicute the principle on wldeh they are based. When 
ions are foruietl in the air—we now trjiH all elmit ritied centers ions— 
they conden!^ water vapor out of a HupcrHniturate<l atmosphere 
and each electrifiLnl particle forms the niicieils of a particle of eon- 
detaaMl water.^ The velocity of the fall of tb^te jiarticles aJlows the 
calculation of tlieir Kize^ and by evalimting tlie total quantity of con¬ 
densed water the number of particles can thus l)e determined and 
therefon* tlie ntimljer of ions. I'lirtlierniore the quantity of elec¬ 
tricity carried down hy tlie in list, formal can tie measiirud and fi-om 
that the charge of each ion vau U* calculated, since their numljci- is 
known. 

The resiiit h a fundamental one: cathode corpuscles unJ giseons 
ions curry the same charge as aii atom of hydrogen in electrolysis, 
and yet Ihcir mass is two thousand tinif^ as small as that of an atom 
of hydrogen ^ 

Xs a necessary" conclusion, therefore, it follows that cafTiod*' 
eorp^titeti^Sy the p rdrty an ifJtom of neffaiive t'fertrieity an/i 

o tn<WB tieo ihouNOurf tme^t m fW the of hiiawn 

wjcrftfWn/ {iioms. 

We ha ve just how our knowledge of uvgtitivc electrons is a 
resiiU of Ihc study of eleetric ^nheiiomcnu and of nidioinuivity. In 
on entirely tUfFereiit branch of physics, however^ in the field of 
optics, the tlicory of electrons ha^ found an extremely remark able 
confinnation. 

The L])«K>ry of I'^resiiel and the results dcrive^l from the experi¬ 
ments of Foacaiih tind Young have establit^hcfl the fact that liglit 
h a Tibratoiy* movement* and thut consetiiiently there exists a 
medium of such a nature m to transmit the lumitious wuvesi. This 
medium has been callcil It is known by the pix^perlies of the 

luovenieiits w hich arc capable of btdng pn^lueed and prupagaLed in 
it! it exists cveryw lierv—in the Ltitcriia' of matter as well us in spaces 
fn?e from mstter, ^ich as a vacuunu 

* EqierlBiEiit! A spark In tt,*> Isnld^ at i Uihf^ ro-duor- mhid 

an me aJr U lijr iX^mnitub no tjaat It in ^ b^Tr mUE fcrniFi alrt^ut 
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M:ix\v4?1I uml Ihriz hsive tlmt Lhe pbetiomenn 

liglil lire notbing more tbiin a panicubir uinoifi^tatiou of the elti-- 
tmtuagTietic phetionienn such as indiidion. bertKiun wnvca* etc.* which 
may be prodsit-etl m the ether. 

Everyone in familiar with the deeonLposition of wliite light by a 
prism reaiiltlng id the forioulion of a i^jjei-truui in which the colors 
Rprcnd out }|H in a njinlK>w. Wlien the liglit pixxluced by m iuran- 
dfcsoent giuj is anah^zed with the aid of a HpectrcKco|>e, tlie (dj^4erver 
sees a mitnlwr of separate hrilliajit lines. Tliese eftiUmini lines are as a 
matter of fact Images of tlie slit thn;»tigh which the light passes 
laifore faUitig on the prism which &eparates the radLations of difier- 
eiit colors. These brilliant Unes mn be transformed Into dark 
adsorption lilies when a vapor is traversed by a continuous ray of 
white light; the black lines rheu indicute the uri'estCHl colors !>if- 
feiviit bodies in a solid state or in solution likewise show character- 
istic absor[ition sjH'clra*^ 

The existence of these emission and uKsorption and more 

generally the fact of all the dmuges uiuleri^^ne by light waves in a 
body whetlier tit rest or in movetnent^ s-hows the intervention of mat¬ 
ter in the phcnomcfiEi of which ether h the seat* In onkr to exphiin 
tlie rcdproc4i] effect of etlier and ponder aide matter I^ireiitK con¬ 
ceived the idea that light pliefmjneKia had their origin in ilio move¬ 
ments of electrie chargers inclosed in the atom. A reniarkuble dis¬ 
covery made in 18BG hy Zeeman ailded to llio strength of Loretitz s 
views, 

Zeeman discovered that under the action of an Uiteriso magnet ic 
fiidd the afH'clrnni lines of si gas aie dccoin[>osed into several coin- 
[>oiients, and that these component lines indicate that the inovemciit 
nf the corpusclci^ is [jolaris^cd—that is to say, orlenteil, by a magnet. 

Thus, just as ill the case of calbcHle corpiisides, the corpuscles wdiich 
produce or absorb liphl may have their moveiuenls mo^Jided by a 
iiifigtiet. It iH c<iiisei^ucntl_v certiiiti that llicy are tdectriiicd. 

Ill tlie simplest wdiere the of force of the inagnet are 
panillel to the liiitiluoiis lim% esich line is ih-cumposei! into a double 
ray whose i^>mpoiiciits con-rii[wiid to two vibratory chvuln)* iiiove- 
ineikls of the corpuscles in up[>[>Hite directicius** 

According to the theory of Lorentas die amount of s^puralion of 
the conifionents allows the calculation of the rntiii of the charge to 
the niass of the corpusclest and the direct ion iu which a mugrietid 
field of detoniiined diresiiion displaces the cofiii?otients wrresiKjndiiig 
to tho cirrular vibrntioJii^t Indicutes the sign of tie electric charge 
effect ing the movenieiit. 

^ K3q>ffrl;isiflit: J-IjnlMlwci Fp-’rtrtiie fif in arc mwA almnrpILbn ut altfiite' 

cf ajajKLliuii. 

■FrflJ«tlini Qf w. Htlili« n*prew!nU£Lj; I'enrt tyn n^viMml of klji« IruTi Kltic^ EPiHiEic 
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The npplicatlon of this theory to experimental rcfiultA has Rhowji 
that ctnuf9fon in f^iC of ^{Uti'% 3 int v&jtofi^ ojv 

fw^ed &y corpti^idei tdetitical u>ith the ottthoJe forputciiitf t», othet 
•irojYfo, hp neffotiee elfHroti*. 

Sim-e llip discovery of Zeeman nujuerciti^t experimental and tlieo- 
retJcal researches have l»een tarried otit with rcfjard to tliia phe¬ 
nomenon which iiave thrown a new liglit on the mechanism of emis- 
sion and at)Sorption. The actiou of inagnetiam on l(ie absorptifin of 
light has been observed in our laboratory with solid bodies^ crystalp. 
and minerals, and experitnonUs iiave lajon made ai temperulno^s as low 
as the solidification of hydrogen (—250=’). W’u shall londi fm-ther 
on upon the novel and unexpecteii riSfult^i wUicii attended Uiese re- 
m^ndies. 

From the foregoing oWrvation, therefore, we find the electron iit 
the very sooticb of all plicmoiuena of light. According to niodeni 
theork's the transmisAiiun of heal and electricity in metals and iilso llie 
sound and color of metals arc explaiiieil by the movements of dec- 
truns circulating freely among the nioleoulesL These numerous fmts, 
of which I have given you a n'siiioe. establisli tliu idea that the nega¬ 
tive electron which apjvenca in a way tangibly in tJie /9 rays is a imi- 
versal const it tient of matter. 

ft must now take up a V'ital ijiiestion: What is tlie nature of the 
electriJicd corptOHdof la it eoinpofied of matter or is It made up of 
fiome other essencet Present-da^' physics seeuLs to inive partially 
solved this prohienn 

Let IIS consider an eJectrifievl liody: In the fii:« place such a iwdy 
posse^ a inaterial mass, in the mechanical senate of the word mass; 
that is, the ratio of the fon-e aciiug on the Ixxly to the iicceleration 
which it gives that liody; secondly, by rBastm tjf the fact that (he laniy 
Is elftctrifittl. it possesses another nia.<6v of electroniiigiietic origin: as 
a niuitcr of fact, if it is in movement, it oonatitutes im element of dm 
current which is flowing. 

Xow. then, every inodifiention in the intertsity mid direction of the 
curn'Ot—that is to saiy, in the value or direction of the velcxuty— 
brings energy into play and gives rise to an effect of induclion in 
the ether. Tiii-s induction, which opposes every cluinge in direction 
or intensity (Leniss law), is a true inertia of electric origin. It is 
therefore evident that the elect rilled liody lm.s (wo lua^BcR. Its mate¬ 
rial mass and the electromagnetic mmsa of tlie charge which it 
carries. 

Now, it hiiH been demonstrated that olcctroniagnetic inertia should 
depend on velocity; that it slumld remain practicatlv constant if the 
velocity doen not reach a conaidenible figure {less than 100000 kilo- 
meteni per second), but that it should increase and approach infinity 
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n'h«n tJie vdooUy approacbes the vebwiiy of light (300,000 kilo¬ 
meters per eccond), 

We have seen that it is possible to measure tlie Telooity ns ivel] as 
flie nitio of diarge to mass in the /? particles of radium. These 
^ Mys form a slieaf of corpuscles which have very different velocities 
and cerlain of them at Inin velocities closely appcftaching thnt of 
light. Wo understand ulso thnt the greater the velocity tho smaller 
the ratio of the diargv to the mass; that is to say, innsuiuch as tiie 
diargo can not vary, the gn'ntcr tho mass becomes. This, to la* sure, 
is just what we should expet't, anil the lair of variation of the total 
mass in teniis of the velocity shoLikl indicate the relative parts of 
tlie two masses in tlie total mass. 

The result is surprising; Iho vurintioii of the loin I ina^s is the 
same as if the electromagnetic hihS} exist^sl alone, cojistspipiitlv tJic 
nuiteptul in^$9 tipptstit'-it to he ztf^, in other words, tlie electron is 
made up of electricity free from any material support, iimJ is a modi- 
hcatioii, Htill unidentihed in other watTr—|x*rha[>s of a wliirling ria- 
tupo—-of tiio medium which we call the ether. 

j hua we find tliat the ek'ctrwi is a pariicidar comlilion of the ether; 
it has a little the nutiire of tiiiiltcr in that it pussetsses mass, wliich is 
one of tlie fundamental properties of matter, nevertheless it is not 
material ifi the sense which has heretofore been attributed to the 
word, since its inertia is merely the inertia of the ether. To sum up, 
we may picture the clcciron as an intvrmcilinte state lietweeii the 
etlier ujid ponderable mutter. 

The moss of the negative elect ion lit low siwetls is O.nXlO"^' grum.^ 
Assuming it to be spherical its radius can iw calculated, its maiss 
and charge U-ing known. This is found to Iw centimeter. 

Up to the last few years iiliysicists weri' always driven to seek u 
mechanical explanation of physicfil plienoniima. h is due to this, for 
instance, that Fresnel origitintetl n mechnnica! thcfiry of light, .'^uch 
iin attempt waa very natural, sinco meifhanical ]dicnoinenii full under 
our obecri'atiou every day anil are much mom familiar to ns than 
(ilectrical phenumerm. 

Nevertheless, aliluJiigh according to the tlwory of iraswcll a 
mechanical esjjlnjmtion, or speaking more exactly nn infinite num- 
Ijer of mechanical eEphinatiorLs of viDctromagnetic phenomena, are 
posable, still no satisfactory interpretai ion has boeii obtained in thia 
tnautier, and the ether has a|i|jeared to Iw very differviit from the 
Iwdies of which we Iiiive knowledge. 

In view of the data which have now been acquiretl, bowei'er, men 
of science liave decided not only to st^iirch no longer for u meebun- 
ieal explanation of electromagnet ism, but to fornuilaie an electrical 


^ TitMtrozin^imsfmHm ffwu- 
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theory of thf fonnntion of inotter mid of nn'iihmiiLTil plipnometui, 
It is endent lluit till the facts wliicU we htivo jtint. i>‘vicwed Jeuti 
logicalJy to tliLs iJoSut of view. 

l\’e fitid I hat a corpuscle which appears to be iiolhiiig hut electricity 
bus been iuciinted fiaini luuttep, and tbiil the iiiauw nf this clectrtm \» 
entirely of elwtromugnetic tiri^n. 'We are tlierefoiv fortwl to take 
electricity as n point of dnpurtiirc in building up h tlieory of phyKicul 
jthenojiiejia, and even of mntler itself. 

If matter is ziiade up of an nssciii binge of electrons, its inert in Li 
entirely of idectrojiutgnelic origin; and it is ibc ciiicr wbicli sms 
rocunis each of these elei;trojis and not cJic uintter itself which is the 
sent of all energj’. I do not wish to go us far as to lyiy that tlierc i>- 
no such thing us matter f this merely si^iifiL-s Hint it Is not well to 
depend entirety on aji[iejinini'Cs, and that tl ianeoesaarj' to view matter 
iti u dlffen'iil light fnuii which it has been viewed up ly the last few 
yea re. 

If the inertia nf matter is dectrouiagnetie, the rnmis of Utdies de¬ 
pends on ibeir velocity, yet this result from an itbsohite point of view 
is contrary to one of the principles on wJiich mecliHnica are based. 
It woiiid be well to notice, however, that the problejns treated in 
niot'hanics are all identided with a piirticuiar phase, where the ve¬ 
locity IS small in comparistin with ihuL of light. Tins is Lite cas> not 
only in all velocities renliKcd on the earth, but alstj In all vehiciiies 
in whicli the stars ure concernetl. ITiider such condiiions the mags 
can \» coiejidereii ns prflctjcuQy constant, and nothing in the me* 
clumics cif I he past need i» affecterl. 

IVrstHLs who are ncA sufliinenily fiituQiar with the ideas whidv have 
just U'eii reviewed often object that cdectricity still remuina pi mysterv 
and the new theories rest on on unknown basis. That is verv true; 
we are ignorant of tJie primarj- cause of electricity and vre comprei 
bend but sligltly certain properties nf tlie ether,' But in the me- 



cbunieaJ theories of tlie paia. is not the word matter wrenped in 
mystery just as profound? Is tbe meaning of the word mass m,v 
clearer when wc speak of a miiterial mass? Is not ihe origin nf 

UL^ iTit11# _ I 
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eledrons. But present <l8y pJiysicp, in spile of tlu* resuJls 

which huve been utiainedi in stiD Inr from sifTordmg n representa¬ 
tion of »n Htoin of matter. 

AVii Imvt* just seen that pliysics lias attained a riitJier complete 
knowledge of one constituent of matter, namely, the negatire clec- 
trotij aiitl that the new lileas are based on the properties of tliis cor- 
piuselc. Xow does there exist a jxisitive electron, besiilc this negative 
eJeetron? It is evidentlr necefsarj’ that postitvc chargee Iw jiresent 
soineivhere in matter, but hare they an atomic stnictnrr like the 
negative charges, or are they of an entirely ditferent nature? 

Ill the discharges through media of raredod gases and in the 
emission of rsdionclive limlies, besides the negative rays, raj's ciir- 
lying positive churges are found, but the$e positive ravs seem to bo 
m general entirely ditferent fi'om the former. • 

When holes are pierced in the cathode of a Crookes tube, one may 
observe l>ehind the catlmde sbeofs of rays which have pn&sed thrnugh 
each one of tho orifices formed, and which are propagated in a direc¬ 
tion inverse to the cathode rays. Those are llie mnalstraUlen dis- 
co\ercd by Hf, (loldirtein. TJiese rays are positively chnrrgetl. and, 
rather remarkably, whatever the gas in the tutMC may la*, the meas¬ 
urement of tW ratio of i!uj charge to llie ma>:s reveals only two sorts 
of cor]>iis*-les ( J. J, TlmiieHui) some correstamding to the atom of 
hydrogen currying on elementary charge, and othere nwn'spotiding 
ti» the atom of helium and carrying a double charge. 

It is these last coi-puscles which, in the emissioji of radium ami all 
radioactive liodies, form tlie a rays. Tlutlierfonl Ims demonstratefl 
by some iiui^ifirnnt exiwrimenta that there to rays are made up of 
atoms of helium. 

Lastly, there are other positive rays (anoile rays) emitted by sub¬ 
stances placed at the positive polo of n ('rookes IuIh', which nn* no 
other than material atoms which have lost llieir negative elccirons 
(Oehfke arid Reichenheim). 

It may lie seen, therefore, that the imeitive rays are ipiite diffei cnt 
from the negative rays; thej^ fona a stream of elretrifiwl matter and 
are made up. not of electrons, hut of ions, material atoms deprlverl 
of one or more negative elretrons. These atoms are of a mass tii 
least e<|un] to that of a pwitive ion nf hydrogen, that is to sav. an 
atom of hytlrogeti charged positively in consequence of the Joss of 
a negative electron. In a word, the poddve particles are the remcow 

of 

Bw'ttiise tiu'se iwsitivc chargis remain in such a way attixtil to 
particles of imn ter, ninny men of science have not udmiitctl the 
existence of u positive elretrou similar to the negative electron. 
Some liuvc even Ihoiight that there is no positive electron and (lint 
III alter iti^elf hasun existence indejiendent of elet^truits, that the union 
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of iniitier aiid"hep:ifitiv€ elfctmns wciiild give atoms electrically neu- 
tml, and that tlie positive chorfrL^ would result only from the absence 
of lipgaitJve elect lions: this view of the case^ however^ a view wlikh 
hi iiitermetliate lietween the old and the new ideai 5 . loews all the ad- 
vaiitiigq^ of simplicity and unification resulting from the mwlem 
conceptions^ which uttributes everything to the elhcn 

A vitjil far lor in ih^^ considerations must he notcil in the emann- 
lion of liclium in the fonn of X rays from all tadioac tive hndi«St and 
it must nta Ik? forgotten that Sir J. J. Thomson hns found these 
suinc X mys in the eannlstndilen lidw. I'he helium ion am not^ 
however* be the jXLsitive electron bemuse ihore eicjsts a material 
litofn* that of hydrogen, which [jossesses a smaller mass; still the 
atom tif heliimi presents a grouping of very' great stability. ‘Whether 
it Ls fiurm^d in (he jipeceding phenoinctm by the dii-ect combinntjon 
of negative electmns with pcisitivc elet!trons fnvd at jiiat that instant^ 
or wlielher JL ap|H^t^ as a primordial grouping in the constitution 
of the tdiitiLS. of intuit of liie dements are questions Avhkii can not at 
present Ik* answered* 

In (Jio miialslrahl^i particles characteristic of the hydrogen ion 
are aLrti foiiiuL We con go back to the ideas of Prout and suppose 
that this ion is nothing else than the [jnsitive electron. It would be 
necessary to know, then, whether its mass la purely electromagnetic. 
If this is sOj the positive electrowould have a iimss 2*000 times 
that of (I^e negative elect ron^ and the atom of hydrogen would Ik? 
the rcinili of the union of n single posilivc electron with a single 
negative elect rtui. 

Still anollier hypothesis lias been propftwl; some physicbts wlio 
have found great diflicsdty in explaining the pi-operties of metals by 
I1IC4ULS of negative eln^trons alone have imagined the existence of two 
sorts of electrons d life ring only in the sign of their cltnrges, 

I lihould like to say a few words here ulKnit some quite recent ex¬ 
periments made in our Ial>oruton', for which there has Ijccu found no 
simple explanaLion m the idea of negative electrons, but which could 
Ik? Interpreted in a simpler way if Litere were iwfiilivc electrons in the 
make-up of hiidies^ Thetis exi^erimenlft liad to do wdtii the jKdion of 
It niHgnetic field on the absorption bands of crystals and nf certnin 
illssolved salts. Tiie dmnge of jierifxl ]>riLidi[ced hij the innguetic field 
took place in certain Imnd^ in the direction which w<iukl correj^pond 
to negative electron?, but nmnifestefl itself in the opposite direction 
with other haiuK 

The aisio of the change of i>eriod which h nl^solutely independent of 
clumgcs of teni|H^niture (^^B far as —’) appears to Ik* characteristic 
of a vihrant system* All these phenouiena seem to indicate that cer¬ 
tain of these syTitems may' contain f^osilive electrons.^ 

■ rrvjwtliin ar a ilJdf! lliU plkim^rtLi^iD Lq a sroop lundji of Xisiwafftir. ot 

“ 230 *. 
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Oth^r experiments «n iHsijhiirgeii in very rarefietl gajses made first 
by M, Lilienfeld nud then in nnoiher form in our bbomtory have 
resulted In obtaining positive rays which may b© interpreted by sup- 
iwsiiig the existence of free positive electrons, but other mtorpreto- 
tioiis have |;een opijowil to Oils hypothesis, and further researehes in 
tins direction must be made. 

It is therefore poisitible that tbero exists a positive electron of Hie 
same nature as tbe negut ive elect ron. I say “ of the same nature " and 
not »idenncal,-* liecaiise the dissimilarity between tlie idienoincna 
jmeseiited by (lie two electricities renders it pmlmble that there is a 
djfiereiire between iJie t wo elect ivms. If the t wo sorts of elec trons do 
exist, according to our experiments they aJioidd have the same ratio 
of charge to miLss. hut their mas^fs as well as their chamss tiiav la- 

One fact is eei tn in in any ease, and this is that the positive electtoms 
If they exist, arc very tightly ixiund to the atoms of matter. Thev 
onJy reveal themselves in mngiieto.opti« phenomena, where the 
physicist carn^ his investigations to the vety foundation of the atom 
w'lthont breaking it up, or in ihe interior of tidies of raietk-d gnws 
uiiiier vein- s^ciiil comlitiotis where jiositivc ions ni-e Iwoken up Uv 
he shock of the culhode particles acting in the capacity of projcclilcs. 

\V c can sc-e frum tins how much the ideas on the natutu of iHisitivc 
charges have been nm.iiiied. Vet whatever the imsitivo electron iimv 
lH‘, Its uadire must lie known ns well as tbe negative electron liefore it 
is wnceivubJe to iiiiderstainl the structure of an atom nf matter. 

NevL-hiieless there are two very intetvsting systems of expJnnatJon 
winch linve been devdoped. Some jihyeicists have concdveil the idea 
that at the inmler of the atom is a positive charge around which tlie 
negative atoms gnivilate like planets around the sun. But this 
hypothesis meets with grave dilBculties which 1 can not set foul, 
lere. I think that one should not allow himself to be led astray bv 
the ^ductive idea of a similarity between the world of the iulinherv 
small and the world of the ijifinilely great and it seems to me that k 
grotip of atoms is m no way conipamble to the world of matter. 

The syfdcm most generally adopted lo-diiy is as fotlowa: 

It IS imagined tJmi there is a imsitivc charge uniformly distributed 
over a sphero in the interior nf which are situated tbe negative 
electrons. The jxftitive ehargo is equal to the sum of the charges of 
the negative electrons. The positive electricity temls to draw the 
corpuscles to the center of the sphere hut the muttial repulsion of the 
negative electroiL^ drives them away from this point and they take 

up a position of equilibrium and group themselves regnlarlv about 
the center. 

By a simple experiment due to Prof. Mayer, we can reprcKlu™ a 
sum Jar grouping. Tf t4ikG a numbor of small necilles idao- 
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tical with each other niul eqiuiUy irLii^ietisfed iind Ntiek the^ ni^etlleK 
into corks Ti'hich float on ihe surface of ii mb of water, they will 
i^pel each otiser mutually in the same way as the oogative electrons 
woitlii do urnl in aitTiniance with the same law. The force to grnap 
ibern m rierivcil from the pah of a lurge m^ignet placed abo^ve tbe tub* 
tiio newlle^ are atlracled toward a point situated Tertically below 
tbe pole simi for each one the tiorlseoiital cortijjoneut of the force of 
attraction is evidently pniportional to its distance fmui thU point. 

The conditions imagined for tbe electrons ore tlms reali/.ed hy tbc 
needles, the only dilference beinpr that the grouping takes place not 
iu three dijnensionfl, but in a plane, 

Ijet us brilliantly iliuniimtc tbe tops of the corks and project 
tlieir images ou a serepin You cun see in this "way ibe represent a- 
tbri of this ec(Liilibrjutm You can imagine that tlie brilliant spots 
fH\ the screen represent tiioliile eieclromi in tbe interior of a great 
positive sphere* It can be seen that tb^»o electrans are regubirly 
arrEuigetl ei round a center forming, acmrditig lo their number, one 
or inore rtoicentric rings* 

Sir *L J, Thomson has ivorked nut* with the aiti of calculus, tbe 
positions of equilibrium winch the electrons may assume iii greater 
or le^ nund>er3* and has succeeded in exphiriing In this way the 
IJeriorJic classification of clemetiU discovered by MendcIcjefF, It 
should lie noEcd^ moreover, that this way of hiokiug at the constitu¬ 
tion of the atom takes acctJiint of the pbenomenn of liglit* It Ls im- 
jKi«^ible, however, to form iiny idea of ibe eoUKtltiitinn of the sphere 
tiver wbii^h tbe pci^itire electricity is sup[Kfcse<l to distributed. 

Other crjorcplicitis can Sm' imagined, and the field for bypolliesis 
will lie unlimited ai^ long os positive electricity remains as niys^ 
leriotis ns it is rifiw. It can even be taiid that tbe adoptian of lids 
or ibiit aj^teiis of e-xplaiiutioh iw liardly mfuie thsin a matter of pjx'f- 
etx^ncG, 

In any case^ however, it k certaio that the atom k of considerable 
tlimenstojis in comparison with ilte negative eleciroik Tiie volume of 
itn atom is siiflicieot to contain billions on billiofis of electrons, but 
ns its mass indInUes tlmt ii contains at most a few thousands* it is 
ri»rtain that the electrous are at enortnoiLs distajice^ from each other 
io comparison with their dimenBinnsL We niiglit liken tliem to a 
swurm of gnats gravitating aliout in the dome of a cathedral 

In spite of our ignoraiiLT of the nature of positive electricity, 
however* the facts acquired in iTie last 20 years render extremely 
probable the bypotbefiis that tJie constitution of mutter h purely 
elcrtrind. Rub ihetL as all siibstanro^ are made tip of electric 
i^liarge.', Ilie iitnm of rmitter can no longer ccjnaidered ns immit- 
tahlc* and otic may say withoul Ijejng nn nlchenus^i that tbe tnuis- 
mutation of matter h not a Utopian idea^ 
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tSucJi Jdtms ns these. w[i(i$c tKildnefK needs no reniork, hiive ulready 
been coiifirmeii in « reiiinrkubie nmnner. liiiiliuni gives birtb Ut n gna 
culled the emamiticin of rHclium. Jfessrs. Kntnsay and Soddy have 
filiotvn timt this emnnation produces helium. Rntherfonl has proved 
that the « rnys of radioactive bodies uro nothing moire nor leifi than 
aionifi of Jielitiin, Muuremi has recognised the presence of helium in 
radioactive gases from thermal sources. 

e knntv to-day that riidioaciivc substances undergo an evolution 
in whidj theit apfH.'iii^ a whole series of more or less epliemeral IkkItbs 
whoso dtiJTilion of existence may be us fimal] ns a few days, or even a 

few seconds, us in the ease of the omiinntiou of acthiiiim. .iUJ these 
^Kxlies iirp new 

These tmtisforniDtions arc veritabk tnrjumuiiati&m. TAey aiui w/ 
r ht'tfikal They aj^pear to l )0 independent of tempera¬ 

ture; they bring into play a considerable amount, of ciiergv; for 
mstnnec, the emanation of radium is. as a iiiattor of fact, capable of 
setting free 2^,000 tim«i as much energy as il.e e.^pIosion of a mi.x- 
turo of hydrogen imd os;ygeii of equal volume. 

Radium and rKdoniiim form part of the scries of elements deriving 
their origin from uranium, and it is very prolaible that in addition to 
hdinm the relatively stable realdneof thcj^ tnins form at ions is nothing 
Cither timn lemL 


!5ur llilliam Ramsay at present Ls carrying out aoma rcniarhablo 
C-Xpcrimcnta. lie htts annoitnecd the tninsmutation of copper into 
]]otHssinm, sodium, nml lieliiim under the action of the concentrated 
energy wbieh tlie radium emu nut ion brings to liear on tliem. In some 
recent experiments, which appear to Iks beyond critic-L.-ni, he has at- 
inincd the traiismutaliou into carlxin of silicon, titanium, iJieonium. 
lead, and thorium. All tiiese i>odica Udong in tlie same column In 
ueltf jefra mhh. 

These results .diow the pftsibility of a transformation of heavy 
atoms into more simple atoms; that is to say. the posslbilitv of a 
degradation of clement*t ft is Impossible to Imagine for an hL^tant 
how-ever, the possibility of realizing the invense tramrforn.atiou for 
example, of copper into gold. .Such a fransmtitution would iiniiK- 
tiomibly require a colossal amount of energx', and we have as yet no 
tnemis of dispf«ing of iho ininoatomie energy, of wJdcb our onlv 
kncHvledgo la that it is considerable, 

It IS probable tliat all matter is undergoing a process of evoliifIon. 
The slomiess of the tmiisfurmation, however, or the rarity of con- 
ditmns favorable to quick diange givcft us nn illusion of stiibililv. 

A whi e ago T recalled several veiy ancient theories; we know of 
nothing to-day that contradicts them. Four principal ideas may be 
denied from these theories, the conception of the atom, the exlatencs 
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of internal movement, the relation between these movements and the 
properties of the mugmei* and the possibility of ti'ansmiitatioii. 
These ideas we are always eallmi^ to our aid in practical work^ I 
may quote here a few lines of Lucretius which ere truly prophetic: 

VersIbuB ostendl corfiusciila mntednl 

El LaOnlto tfUDimiiiD rerim uhjup tenerr 

UiuJlaiie omLclp ijlacsanmi coDtlDiMto.'" 

(Tbe corpuHCtea Uie elGmenta ot matter abaU prefierve for all etetiiHjr aail 
ever^wbere I be unlfatialty of tblDgs bj n aorloe of ever-eoiitlii iMMl b]owR.) 
bit lit but vefiliuit In eilrliu^eeuit UJa 

Ccirpora quae faeJent oybr^ u Emboli iie^ vnlatitefl/" 

(It lufty bufifKti timt hUher froin the worlib? lie^otiO may «x*reie tlwiw? licKlIe^f 
wblcb form tlie mEsts and the eloEiaB,) 

According to Lucretius these coqnisclcs are innumerable and 
traverse rapidly inexpressible distances^ so that you nmy recognise in 
these citations the principal pro|>erties wiiiclt we attribute to-day to 
electrified cnqin^rles. 

However, if certain of these ideas which have just been expounded 
have inspired philosophers and saviinls^ of all ages from antiquity 
to the present day^ still 5 the idea that electricity can gi%"e birth to 
matter k entirely modem and is due to the discoveries of radio¬ 
activity (Februaryjl 8 D 0 ),of the Zeeman phenomenon (Augu^t^ I3i>0)^ 
and of the nature of tnihfxle rays (1805-1837). 

Between the assertions of tiie ancient philosophers and tlioi« of our 
day tiierc exLsLs a profound difference. Tlie former were never sub¬ 
jected to any experimental conJinnation; they were merely concep¬ 
tions of llie imagination and their value k limited by tJie eiTots wliidi 
they included. The latter, liow^everj can be justified by exi>erijiienk 
which brook no contradiction and by reason of thk confirniatlDii 
carry conviction with them. 
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As has previously been pointefi out in these pages, the giTater pro¬ 
portion and die larger variety of the expiosives that urn nnnually 
prudticcd are consiunetl in the industries, and a viry considi-mhle pro¬ 
portion of these ore consumed in the wiiiELing of coal. As is well 
known, this most iraportaat indnstn' is attended by many hazards, 
not the least of which is the constant danger of csplosiom owing to 
the presence of fire damp and Jtidammaijle dust in these minest Most 
^nous accidents from these causes, which have Ik*™ attended with 
fn^lful casualties, hare freqaenily occurred, and their frcqiiencv 
and magnitude have increased ns the demand for coal has increased 
until the public conscience has been amused and efforts have Wn 
made by individuals and by governments to devise means by which to 
reduce the number of these e-Xplosioiis and limit their scofie. 

Coi^deration of the conditions attending such of these eatas- 
tniphlcs as were carefully investigated made it evident that manv of 
these mine explosinns have been inifiatetl by the explosives used in 
the mines, and therefore the behavior of a large variety of explosivo 
oompoaitions, when fired in dusty and fierv atmospheres, have been 
studied expenmentally with a view to selecting from among them 
those which T '^'hild rspuble of floin^ the work required of them effi- 
mcntly at a reasonable cost, and while possessing sueli qmilUiis as to 
render them reasonaldy safe in transportation, storage, and use, were 
least liable to ignite the fire damp, or coal^lust-air mixture, or 'mine- 
gnS'coat-dust-air mixture found in mines. 

For this purpose it became neoessary to have a chaniher in ivhich 
the gas and dust could be introduced, and tlm explosive fired, at will, 
a^ all the conditions of the experimental trials lie known and under 

>JlBpnu^trd bj pcIiniBlon (ma Uh tthlcul SliLlni X)n?n] Isitlhite Pmwfrfliisi. t«»L 30, 
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contml. Bcgiiiiiing siomo ao VfiirN ngo, many kinds of chambers have 
been employcth from one finidu of Iwiler iron moiintwl on ^'heels used 
nt Zwickau, (jermany: an nbaiid<,>net] mine tunnel used at Ros$41k, 
Austria; a wooHrn imthuy use^l at Franimes, Belgium; a concrete 
gulJeiy used at Lii-ein, France; to iiietiil (tileries as used at Wfail- 
wich, England, and Pittsburg, United States. 'I’liis last is one of tlie 
most nitKlern of these testing galleries, it Imving tn.»e(i erected on the 
arHeiial grounds by the teehnologic binneh of the Unitetl t^tates Geo¬ 
logical Survey in 1008. und as it was designed after careful study of 
the chaoicteristies uf ditToreiit giilleries abroad it may be regarded as 
representing the latciit ty|>e of teslijig chamljer. 

This chainlaT, which in Etylcui gai* and dust gallery No. 1, is shown 
in plate 1. It cnnsials uf a cylinder 100 feet in length atid GJ feet in 
diameter, which is iuiilt of boiler-plato steel, in five divisions, cttch 
consisting of tliree liections OS feet long. The gallery is closed at one 
end by a oonereie head. The different, sect ions of the gallery are for 
coiiveliiejice ifi operation nnmiwred consecutively fitun 1 to to, be¬ 
ginning .with tiie section nearest the concrete liead. Sections Noa. 
1, 2 . and 3 are made of one-half inch plates, the remaining BectioLS of 
threc-eiglithfl inch plates, and all of steel having a tensile strength 
of not less dial) r)ri,00fl jaitiiids to the square inch. Tho sections are 
held together by lap joints, at each of width there is on the interior 
of the gallery a ring, formed of SJ-inch angle iron, upon tlio faee-of 
w'liidi i>flper dinpiiiagins may iw so secured as to partition off any 
desired portion of the giillery at will, and thus provide a closenl spare 
of any desired voliimc, wLtldn the capiulty of the gallery, in which 
to inclose Ihe gas-air, oiiul-diist-air. or gas-coabilust-air misture to iw 
UHtI in die test. 

Each sei'tion is pi-ovided with a pressurt;-release door placcti cell- 
tnilly on top, which not only provides a vent by which the guss^ mjiy 
immediately escape after the e^tplosion, and thins acts as a siifety valve 
to prevent the destruction of the gallery, but also affords an ap¬ 
proximate means of estimating the pressures developed. Each door 
closes on a niblicr gasket and is provided with a rubber bumper on its 
back to prevent injury when thniwn open violently. In use each door 
may be left open, or dosed but not fastened, or closed and fastened, as 
seems Iwftt under the experinientiil conditions which obtain. 

Each sect ion is prw idvd with n stout plate-glass window placed 
in the omter of the si'ction on the operating side of the gallery 
through which the pnigress of any flame produced in the gallery 
mav Iw viewed and notcfl, wliile an indicator cock, taiipcd into the 
ecntral section, provides a means by wlddi itamples of the mi.vtnrea 
in the gallery may be ttiken for annlysis. 

The gallery is so connected with the natiiral-gns supply used in 
Pittsburg that it may l»e iilled with giis at will, and tlio quantity 
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clisrf2red is mpiifiurpd hy n met^^r vi'hich c 2 itti Iw? n^d to one-t went Seth 
uf II cubic foot. The air utid gik;& are mixecl by itieuiks of circuliithifr 
systems exterior to the g^illery, opcnitecJ by niotui^rniiii exliauste^^ 
llie circulating' sys?teni for the first division is stationary and inciudes 
steam heating coils Uy which to bring the mixture in the gallery to a 
i-onHiiint. temperatiim Hie remaining divisions of the gallery are 
served by u portable device, 

’When coal dust is to be uhc^I it is -spreml on a S4?rit?s of slielves^ 
yO feet long by 4 inches in widths lining thcgalleryi there lieing four 
of these on each sidCj and in nddition up<jn a stecS trestle* having a 
surface 20 feel hy 12 inches^ which is placed for iliat piirpiejc in llie 
first section of the gallery when coal dust is to be iiseii- This dust is 
always fiTshly ground from lump coal to 100 mesh in lincncss just 
lieforo using. 

In mklitioii tlie gallery is pn^vliled with a humidifying apparatus 
pn»’idcd Avilti a Koeiiing exhauster^ having a capacity of 240^000 
ciildc feet of free air per hour, by which the ctTcrt of moisture iji 
pnnT'nting the propagation of expWioiis mivy lie quantitatively 
ascertHineth 

The e.\plosives to be tested may lie sUBfJcnfled in the chamber and 
fired in the prepared atmosphere, and this melhod haa piirsucd 
at some stutloiL'T^ but the regular practice at the Pittsburg testing 
fitation is to tire the chnrge in a special ^^cannon^’^ tis this more nearly 
simuliitcs the conditions in mining wiiere tlie diarge h fired in a 
Lore hole in coal or rock, I’hese ‘'camion’'* Riv cylindors 24 inches 
in diameter by 3G inches in length,, with Imre holes 21 indies in 
diaiJicter by 211 itidies in depth. The simplE^ of them have lieen 
made in one piece from a low-carbofi steel or nickel-sted forging. 
Others have bidlt up frr>m centrally ijerforattHl jackets of cast 
steeb vanadiiim steel or other in'ui alloy, and u liner of iiickd steel 
or other metals or tilh^ys* In repairing, after erosion^ the liner hm 
l»een formed by the thermite pmrosr^ No definite con elusions lia^e 
yet been reache[] as to the relative merits of tlte dtirerent forms of 
construction. These ‘*cannon7^ are shown in the right foreground 
of phfctcy 2 and 4 and in the center of phitc figure L 

The cannon ’’ is embedded in the concrete head of tlie gallery and 
is so laid that itM nxiol line coincides nith the axial line of the gullery. 
The cannon’’ is loaded from wiihin ihc galJer 3 \ hut the charges 
ure fired by electric detonfitors for high explosives mid dcctric 
igniters for explosivcfi of the gunpowder chiss, the firing Tuachine 
lieing locattnl in ati ubsenation room GO feet distant from the gallery. 
The larger part of the exploe^ives tested arc detonated, and they are 
fired both stemiTiLHl and unstemmed into the ?en,sitive mixtures, 

M when the explosi^'c mixtures in the gallery are fircfl the l>last 
from the mouth of the gallery is very destructive in its effects, two 
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wncrete biirricade:^ lire crertc^d on nidi ride of tlie moulb of the 
gwllerv* aod a thicic iruji pkU' hm siij^pendcd on s frnme across^ bnt 
nt ii dLstiuin? of rjO feet from, the mouth of the gallery, that it luay so 
swing as to defleni^t the blest juid arrest any tlying stenmiing or other 
mnterial whieli umy be blown out of the goLlerj* This errangtiiiient 
is shown ill plate 2, whicli also shows the moforeed-ooiicrete founda¬ 
tion in wliich the gallery is set and specinieiiB of the cannon ” used. 
The violence of tlic gallery explosions Initiated by the charge^ of 
explosive iiseil may he judged from plate 3, wliith is a photograph of 
an explosion of a troal-dust-air mixture. 

The observation rwiii fmni wJiich the charge is fired and die 
'visible phenomena occiirring in the gallery observed is shown in 
plate 4. This rwm b 40 feet long by feet fi inches wide* built with 
brick walLi IS inches thick^ and provided with a heavy fjlate-glnss 
window.. 37 feet long by 0 inches wide* which is protected by two pro¬ 
jecting wcMjden guards^ This room with its window is made so large 
in abo that it may not only provide a large field of ssight, but that 
it may accommiHlute a coni^iilerable numlier of pes^ns, for tlie station 
is designerl to be odiiciaittonal as well aa cxperinientul, and coal miners 
01 ^ brought there in large numbers to be conrinced by exi)erimentiil 
demonstrntions of the accidents I lint tuny arise unless they UEie the 
explosives recommended by the station, and them in the pre¬ 
scribed manner and amount. 

Prior to testing the explosives in the gallery^ wliich is both costly 
and lime coiLsiiming, they are suhjecled to other tests which may 
show them to such charDcteristica to rninler them unfit for 

use and render tlie gHlIci'y test nnnecessajy, TUuh they are inspectwl 
physically and amdv^etl chemimlly, and an admirably equipped and 
vvell-majmed lal>onitory is provided for this piiqioise. Among other 
tesfts^ the gravimetric density uf the miiteriah in the original package 
in vvhicli it would bo used iu the tfiitie. is dcterminci;! hy the aid of 
dry sand as the mobile medium* and this density k carefully pre¬ 
served in tlioa? tests in which density is a factor. 

One of the fin?t tests to lie made is the dctcrinination of what is 
styled the iiuitHlisruptive charge*” which is appertained by the tiiil 
of the ballkliu pcniluhnn sliown in plate 5. Tlik apparatus consisLH 
essentially of two piiids—die cannon,” in wbieh the charge is firedj 
and the pendulum* which receives tlie impact of the products of the 
explosion, and that of the stemming when tlie hitter is iiserU The 
^caiuion ■■ is identical in fonii. constructionT and proportions with 
those used iu the gallcrj'. It is rununted on a four-wheeled truck, 
to which it is made fast, by atrops and rods. Tlie irtiok runs on a 
SO^inch treck which is prorided with a recoil bumpr placed 9 feel 
from the face of the pendulum mortar. The ‘^cannon” k carefullv 
placed axially hi lino with the pendulum mortar. 
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Th& pt^ndulum CQiiSL<t3 of n l2^-inch ArmT- mortar, weighing 
SljGOO pounds, whirh reiiisi in u latirrup nmilc of iwo I|-inch niflchine- 
steed rcjds Ijent in a U shape. The cutis of these rtjcls pass throiigh n 
soLid-steeJ supportmp l)oam and are held fast to it by ciist-steci 
saddles fitting over the beam. This beam ia provided with two 
nickel‘Steel knife-edges cuimteramk in its lower face, whieh rests on 
bearing phitea provided with >nmlJ groves that permit of the knife- 
edges being kept in oil, so as to bo protected from tlie weather. The 
bearing plates rest on base plates which ore onchotT<l to the concrete 
piers between which the pciidultun mortar swings* 

The concrete fliers ore each 51 by 120 inches in djinoFVSion at their 
and inches liigh» The outside walls taper, while the inside 
walls are verticol, and there b a clearance of SO inched between these 
pset^. A firing line, with a coupling l>o:s, is attriched to iho left- 
hand pier, and by its aid the firing may t>e dcanc from a safe distance. 

The extent to which the pendulum mortjir is di+fisscted is measured 
by a ilctachahlo device consisting of a gradiiaicd scale, with its 
vernier, which is set on a steel base fastenefl to a cotici*cte fooling 
below and to the rear of the mortar, the movable part.^ heitig actimtcd 
by a contact rcKl, set in guides, which bears at one end ngainst a ^tnd 
boh ill the boitoia of the mortar directly below' the point at which its 
center of gravity is IcacatccL and. at the other, oa the scule. The 
radius of tlie swing of the jieiidulam mortar, tneastiml from the 
knife edge Iwarings to the cenEcr of the contact rod. or to the of 
thw stud bolt, is 114’i^rt inches* Thy radium of the swing, measared 
from the knife-edge l>earLngs to the L'cntcr of the trEiiinions uf the 
mortar, is 89J inches. The reconling device jiieiisans the deflection of 
the i^endulum to widdn tiic niiediundredth part of iin inch* 

The standard used for this test is 221 grams (oiie-half pound) of 
40 per cent .straight dynamite, stemmed wdth 1 poqiid of dry clay, 
tamped with tamping slicks of staiidarrl pattern under a unifonn 
rate of pressure, and fired with a fi eletirie detonator. The unit- 
disru])tive charge of another explosive is tJiat weight <sf this explosive 
that will, when fireil under the prescrilxst eontliiions, give the same 
deflection of the pendiilnni mortar as tlie stuudar<l J^mamity charge 
does. 

In making the lest after the recording device is the "^caiinoii 
is loaded in the prvscribcil manner and rolled up to witliin one- 
sixteenth of an inch of the intisixle of the pcndiiltim mortar^ and stops 
are so placed that thk distance is mnititainotl wlieti the flanges of the 
wheels of the truck are against them. The legs of the detonator uro 
then connected to the firing line, and the party loading, who him also 
been carrying the safety plug with hhii, retires to the firing machine, 
inserts the safety plugj and fires. 
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Firing trials with tlio intniiiliirtl iihow that vuriobiea ciiler her#, (ind 
that the same pcinluJum defleetion is not invariably obtained with 
equal weights of charge of the standard dynamite, even tljongh the 
successive chargiis are tamped in the “cannon with the sanie degree 
of pressure^ Btenimed with tlie same weiglit of fire day, and fired by 
the same numbered detotiutor. A condition ntfecting (his result is 
the distance of the “ cannon ” from the mortar, and lienee, as sliown 
abovct this distance has been definitclv fixed. Another is the jusi- 
tion of the knife-edges snppojiing the fiendiiliim mortnr, and to 
eliminate tlio effect of this the knife-edges are tramtnricd Iwfore each 
triuL^ Other fnetors affecting the results are ilie direction and 
velocity of the wind, the condition of the Ixire hole In the ‘‘cannon,” 
and that of the peritoj] charging the cannon,’* Xo one of these ran 
bo contixilled absolntety. Hence, the eifplosive to be tested must be 
proved in this bnllistie-jiendiiluin test dirwily against the standard, 
both being handled and charged by the saiiie person on the same dav 
and us nearly as posaiblci under f lie aume conditions, for tills tends to 
eliminate the pt^rsonal equation, through itij effects Usaiming ncarlv 
uniform, and to eliminate tlie effccis of w'iiul jiiid weather, since they 
aro fairly uniform during the trial periods. The condition of the 
bore hole is the e.icisting variable factor which is the most difficult of 
elimination. 

The energy of the explosive is ftirlJier ai9certained comparatively 
by the Trauzl and by the small lead-Mock tests. The device used in 
the Trauzl twt is shown in plate 6, which consisla of lead blocks 200 
millimeters in diameter and 200 nullimeterfs in height, in which holes 
25 millimeters in (linmcter and 125 milliinetora in depth are Ixircd 
ceiitnilly in the top. Tiipse cylinders are ca.-il fttim desilverefl lead 
and all used in the same series of tests are carefully prejmred under 
identical conditions and from the same meU. The volumes of thc-se 
bore holes are carefully measured by means of water. 

Ten gfain.5 of the explosive, weighed on n balance of precision, are 
wrapped in similar-sized jiieoe.s of tin foil, together with a N'o. T elec¬ 
tric detonator, and the whole Inserted In the bore hole uf one of these 
cylinders, then 40 cubic centimeters of dry Michigan dune sand, of 
such fineness that it will all pass through a 50'-niesli screen anti Iw 
caught on an Bthmesli one, are poured info tlie Imre hole and fnmped 
10 blows with an automatic tamping device, which operates on the 
prijiciplo of an automatic center punch, and delivers blows of knoivn 
magnitude over a definite orea. Tlien 10 cubic centimeters more of 
the same sand are poured in and tamped with 40 blows of the tamp¬ 
ing device. The loaded <wlintler is placed on a piece of heavy shaft¬ 
ing imbedded in concrete, which forms ii rigid support, the tempenv- 
ture uf the block is iuscertoine<l to make sure tliitt it is lu" 0., and 
when this is attained, the charge Is fianl. TJie cavity is again meas- 
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ured by calibration with water and the increase in volume protluced 
by the charge of explosive fired la comj>areil with that prodiii!ei1 by 
uti oTjitaL weigiil of the atunditrtl ilynamite Hrfal urider the siitiie ctm- 
ditions, 'Phe Trgiiii;] teat is qlJitB widely used, niid abroad it lias been 
Fccotiimenticd that the eylindcr bo covered liy a lead pliita secured by 
a yoke. lJut it Im found that in putting on the 3*oke the charge utul 
stfinimiiinf were dbiturbed and, as uniformitj’ in thfee Inst particiilara 
are of much more iinixki'tiince in these coiujinrative tests than ik 
greater degree of conJiiii'nienl, the plate anti yoke are not I’ecoin- 
mended. 

The Tniuzl test measures coniiiiu-atively the displacing etfect of an 
explosive under moderate confinement, The stmdl lejid-blook test 
measuiitsi comparatively the pretaiire exerted iit contact by a charge of 
explosive which is detonated or exploded imoonfintHl, or, in other 
words, tJie iicretisKive eifecl. The blotrks iis5o<l and the deforrnatinns 
produced on some of them are shown in plate 0, figtnt; 2. The lend 
blooki^ employed are cylintleui li inches in diameter and inches 
high. The chur^‘ of explosive used is 100 grams, tdnee an uticon- 
fined char^ of high explo.'iive, such tis tlie standard dynamite, woittd, 
on detonation tn contiicl, deform tise cyiiiidcr boTond meaaurciiient, 
as sliown by F in tlic figure, [i disk of aimealed steel 11 inches in 
diameter and oiic>foiirtli inch in thicliness is placed iijxin the lead 
cylintlcr. Since this jdate letains a jxirllon of the energy expended 
the corapre^^scd cylinders reifkrd only the residual energy/ 

In making the test, after placing the stwl disk on the cyliinlpr, a 
strip of maniiu pujKT is so secured about and beyond them as to pro¬ 
vide n container, alnivc the plate, for the explosive to lie fired, Tho 
cylinder is then placed on n rigid support, the cwrcfnlly weighed 
chorge of explosive jmnri'd in nnd so tam[ge<| hs to acquire the fipecific 
gravity it posse.'^l in its originul container, the So. 7 electric deto- 
nulpr inserted, and the charge fired. Tlie height of the compre.ssud 
cylinder is then giscertained with jirecisioii, and this comparison, as 
compared witlj that iirfulucetl in u cytinder siilijccted to the detona¬ 
tion of loo grams of the standard dymnnite, is styled the relative jufr* 
cussivc force of the explosive. 

-A. more awurute idea of the pressures producrel by an explosive 
may 1 m) obtnineil by meiinK of the H idle I pressure gauge ivhicb is 
cniployetl to iletemrine the *“ maximum pressure of an explosive tn its 
own ^ciliime, by whidi is meant the ma.ximiim pressure wiiidi an 
e.xplosive exerts when exploded or detonated in a space wdiich it fills 
(oinpjetcly, mid when all of the beat set free through the cbendcal 
relictions taking pluco during 1 he e.xploHioii art? retained by tlie prod¬ 
ucts of tjifl reaction, Evidently this condition never actually obtains 
in practice, for u portion of this heat, is always cotnmunicatetl to t!io 
walls of the iiiclo.siire. The portion llnis lost from the products dif- 
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fers ill amount with tlic lemperattm* diiferencBS, with the rate at 
which the heat is sot free in the reaction, with the materials of which 
the chambers nrij coinposetl und die extent of the exposed surface hi 
the chambers, l.'singd'ianiberii made of the same material it iiiecomes 
possible, by varying the ureas of these expo™! surfaces in the differ¬ 
ent expeditumts to a known extent, to measure tlie heat-ulisorhjng 
effect of surfaces of known area, and ijy combining this data with 
tliiit recorded for the pressure, to oscertain the total dynamic effect 
of the charge of the expletive tested. Thk apparatus moreover af¬ 
fords a means hy which the gaseous, liquid, and solid products of the 
renctions iittemling c.xplosion ntay be collected for clieinicul Bimlysia 
and physical inspect Jon and study» 

In jslute 7 are shown two of these gauges, one of which is open and 
ready to load while the other is cheeij for bring, Jt will be oliserved 
that they are in principle like the bomijs u,s<k1 by Nijtjle am] Abel 
IQ their Itcficarches on Fired Giinpowdcr. but they are markeilly dc- 
VGlop«I in details of construction nml in the nddltion of accessories. 
One of these cylinders has n ['hamber capacity <}f 15 litere, the other 
of 20 liters, but the volume of the latter may be reduced at will by 
inserting eIwI disks of known volume ami area. The surface is 
^oreby changed so that wlule the cooling surface of the small cbaoi- 
ber is 3,0U square centimeters, that of the large cvlimler, when one 
large steel disk is inclosed, is e,5o5, and when tb^ of the smaller 
disks are T,GiS4 square centiuietersL 

These eylindeni arc made of atrel centimeters in thickness ahd 
the removable heada are secured in place by 12 heavy stud Iwlts. 
packet! with lead washers, ami mi iron yoke. A system of sheaves 
and siispetided cotiiitepweighLs Is provided to aid in detaching tho 
heaiy heads from the cylinders and mounting them ui>on the spe¬ 
cially designed wagons, so as to give ready access to the interiore of 
the cj'hndeTK 


Before the charge k fired the cylinders are exfiaiisted to 10 milli 
meters of mercuiy. To pennit of this being done a well-ghmded tube 
w iJLSeited lu a perforation in an upper segment of each cylinder 
rn^ar one end, ami this is provided with a valve by which to'isolate 
the oir pump after the vacuum has Ijeen attaiiiud. On the opposite 
upper scpient of the cylinder from the exlmust a second opening is 
providi^ in which a glanded housing is inserted, which affords a 
means for introducing the elretric detonator and so paefcin-r its W 
ns to prevent air enlcring ubotit them while tlie cylinder k exhaustwl 
or gases escaping alioiit them after the exploeivo has been fired and 
while 11 coiiHiderable presiqire obtains within the cylinder 
A third perforation in the top of the segment carries'a properly 
glandetl lubn provided witli a piston mmj centimeter in dkmete;, 
wlHdi can move up and down w ithin thk tube. This piston k held 
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oa its sent by springs of kaoTm [liniensioas aiict effect. A stylus is 
mDuntet] on the upper end of the stetn of the pistuii in such miinner 
thilt it moves freely only in the vertical plaxic, wliiJe the motor-dri van 
drum lit its rear, against whicli it inipingesf, rotates horizontally, 
thus producing a carve which, by its inngnitudes nnJ variations, 
records the extent of the pi'essiires develoja'd from tin* Leginfiingj to 
the end of the e,xpIosion. 

The cbiir]^ of explosive used varies fnmi 100 to 200 grams, ac¬ 
cording to its chameter, as pidgcfl hy the tvsults of the chemical 
nanlysis which lias been made of it. The explosive is removed from 
its original wmpjXT and inclosed In a wnipper of tinfoil in such 
manner as to preserve its original density. The head of the cylinder 
is removpfl, the No. 7 electric detonator piutsed through the ghmded 
plug, and then Inserted and secured in tlie cartridge, tiic fused car¬ 
tridge kid on n small wire support in the center of the cylinder, the 
head replaced, the vacuum produced, the indicator drum set in revo¬ 
lution, Hinl then, all parts l»ing found secure and operative, tlie 
charge is fired and tlie indicator diagram taken. Three shots are 
made with each of the ilifTei'eiu cooling surfaces. 

After the explosion the pi-odncts are allowed to cool to the room 
temperature nhich, with the tension of iJie gases, the barometer and 
the volume of the cylinder, is notinj and the volume of the gaseous 
and vaporous products is reduced to nonnal. A sample of these 
gases and vapors is then drawn out through tlie exhaust opening and 
analyzed. The liquid find solid products are reooverefl, measuiisj. 
and analyzed after the head has been removed, 

-Vs js Well recognized, tlie heat developed by an explosive when 
it explodes is one of the moat importajit of tiio factors which deter¬ 
mine its effect, and rince Uerthelot tirst employed tlic calorimetric 
bomb with which to diretrlly measure the numlicr of heat unik set 
free by a known weigiit of an cxjdoaive, attention has been given to 
the improvement of this device so as to render it more useful. One 
of the modern forms of this iuslrument is jfettegatig's explosion 
calorimeter, which is shown in plnte 8, 

This consists of a bottle-slmpcd calorimetric bomb 30 inches high, 
with a capacity of 30 liters, made of wrought steel one-half inch in 
tfiicknefis, and dosed hy a cap having an air-tight fit. Two holes arc 
tapiwd into this Iwmh on opivosito sides of the curvature of tlie 
nivk. into one of which a valve is tapped by wliich to connect the 
l^ib wiili an air pump, and into the other a ping through which 
tile of till! d^tonatijr are carried. This bomb when dwirged 
plji«^ in an iinmer^irm vcftgieL lilJed with u know'n weight of wuter^ 
which is itmde of nickel-plated ooj^per onc-sixteentb inch in thick- 
nfciSj and^ which is stren^itbened hy banda of i^opper wins wound about 
the outside* The iiucaersion vesijc] Is placed, w'itb its contained 
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bombj. in si wocHJcti-in^uluting ve^l proviclotl with n wcjoden cover. 
The iicccswrics cofL^L^t of u fruinewort stirring ilevitw rotiited or 
rsiiHHJ hy Jin dectrie motor with whicli to bring the entire niasa uf 
water to n uniform teiuf)ei’iitiin_% a thermometer yvhh open scale read¬ 
ing to one one-h II n dr or It h of a oentlgnitle clcgra!^ ii magnifying ^lass 
with which to rend this (hemionieter, a pjiir of scales on which to 
aocumtely weigh tlie j^everal parts of the system and the water that 
is iiseil. a hoekirsg frame Lu the ve^vseIH fnnu the seali^ and 

depiisit them in plaee^ and a machine with which to tire the charge. 

Tlie Water cr[iji^'iilein of the calorimeter liai ing been determined 
and the effect of the detoiinior and tin-foil wrapping liuving been 
ascertained ii chat^ pif lOO grams of the cKplosive^ wrapped in tin 
fnih is connecterl with a JJo. T electric detonator and sii^i^enuled in 
the hnnibj which is closed and e.Y.halisted clown to 10 millimeters of 
mcrciir^^ The irnnicmon A"fy§s^l having received its Aveigtieii charge 
of water all the parts of the calorimeter are a.^mblcLl anil I be stir¬ 
ring ejeviee set in niotion to bring the witter^ am! therefore all essen¬ 
tial t^nrts of the calorimeter, to ii common tciin>oniture* When the 
thermomck-r iiniiiersecl in the water shows that a coiLstant tcmponi- 
ttire lias been reached the charge La fireil and the rise in tempera Lure 
reooideci on the thermcinicter curc^fully oliservc^ until the mercury 
has reached its grorde^it altitude in this experiment. From this data^ 
lORcUicr wiih that referred to above, the number of calories given by 
a known weight of the explosive is found- 

Ill firing hy dentomition it is eHscntial for safety and soccer in 
blasting ill Lit when the reaction ia once initiated hy the detonator 
it glLQll piXK'ced thnoughmit the cohimii of exptosive for otherwise 
a portion of the charge mny be thrown out of the bore hole lines- 
plmlcd but mftained!, proflucmg a ‘M>Iowii-out shot^' which may 
ignite the fire damp or coabdust-air mixture^ or a portion may be 
left ill the boro hole unexploded where it cotuititutes a sourc® of 
danger m !mlise<tiienL operations, or it may Iks brought down mixed 
witli the coal to jirmluce trouble in the breakeiu in transpoHation, 
nr in the use of tlie cos-h The employed to ascertain the relative 
sensitiveness of explcteivea to the detonalion of nias 3 es of tlicir own 
kind ja called the explosion by inftueneo test. I have applied this 
term to the ti^stiiig of explofrives for their sensitivene:^ to Luitial 
detonation of n standard explft-ive, and described the method lu the 
Jouniai of the .Vinerican Chemical Soeiety 15, lO-iSi A cotu- 

nierriid method now used for some time la one in which tlie cartridges 
are placed in rows on the ground, or otiier support^ with spaces be¬ 
tween each, and vaiynng tlie intervals beiweim the cartridges in suc¬ 
cessive trials. A more modem and severer test is to so bind two 
cartridges together with wire that they may lie suspended vcrtimllj 
in the air, end to cud, at a carefulty measured distance apart, a 
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detonator, of the pnitle iwotnmended by the mnmifni.'tiirer of the 
explosive, being iniierted in the lower end of the lower cartridge, 
secun’d in place, and fired. Ey prot-eeding tentatively the dbtunco 
at which detonation by inlhience eenifes is said to be established 
wltlui) Very narrow' limits. For comparison l>ctw'ecn different e.x- 
plosives radridges of iinifonii size .an; used, sneh ns tf inches in 
dkineler by 8 inches in length. This jimy necessitate the repacking 
of the explosive, and when this is done care should be tuken to pre¬ 
serve the original density, since this is u factor in this liehuvior of 
exploaiveH. 

^ li\ hile the explosive should be Biiliiciently susceptible to detona¬ 
tion to be fired with certainty it should not lie so sensitive to per¬ 
cussion fls to Ikc dangerous in liandling, tnin.sportiilioii. or ii*. I'his 
scnsitiii^ness of explosives to ihe effect of direct blows is detentiimal 
by the impact machine shown in plate % which comfists of a vertical 
steel framework carrying two giiide rt>ds hotween which a yoke, to 
which the itnpnct ivcight or hummer is attaehed, is guided: an anvil 
upon which the charge of explosive is placed; and a soft-steel 
plunger which rests upon the anvil and upon whicli the hniumer 
impinges in its fall. The yoke is proviilrd with jaws which engage 
the lugs of nil endless chain moving behind it, and by this nieclianism 
the yoke with its attached iveigiit is raUed to any de:^in;d height. 
Ily tneans of nn electric ciiiTeiit tlio yoke mav l>e tnngnetixed and 
demagnetized at will jeo that when magnetized if will attract and 
support the hammer to such an c.xteni that botlt may raised 
tof^ther by the endl^s chain to any predetermined height, at which 
point the yolie ia ilcmagnetired, the hunitner or weiglif is ndeiised 
and the latter then fnlln lliroiigh the intervening dktance and im¬ 
pinges u]fon the plunger. Ihc stop which arrests the upward travel 
of the magnetized yoke and initomaticrdly causes its demagnetiza- 
tion ks operated by a vertically driven precision screw on the right- 
hand side of the frame, which is also geared to a racortlitig device 
w-hich measures the height fiom which tlic hainnu'r falls. "^By tho 
aid of this screw and its accessories one is able to set the stop in 
advance so as to secure any desirwl distmiM of full for tho hammer 
within (bo ca|>acity of the mflchine. 

The hard-steel anvil is set firmly on a licavy iron base and it b 
siirrouiideJ by a lubulatetl jneket through which water may be cir¬ 
ca lateil, so as ill bring llie temperaUire of the unvil and of the charge 
of explosive placed upon it to any desired temperature and to keep 
H there, Tlie plunger ia lieSd lightly in place by a steel guide whicti 
forms ji pnrt nf th(? Inisii ssupport for tlm vertical-giiidle rods. It is 
ef^Dtial tJiiit th« of the plunijf^r and &f Ihe imvil which art* Jn 
contact sbcRild nlssolnlclj true and piniir. Ai? the inipiicts and 
plosions produce d^ffortnation of the metals the plungpr xs nxailo of 
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soft ^ecT. so thiU Ihe deformation may netzimmlate on it, jitici there¬ 
fore it is very frequently tiimwl up on a lathe and resroiiDd to true 
tip Its face. 

The hamnwr used neifiks 2,000 grams. The soft-steel plunger 
weiglis 000 grams, ntid the maximum height from which tJie ham- 
mer can 1» dropped is lOO centimeters, Thn weight of diarge of 
explosive iisetl Ls 0.02 gram. The temperature of the anvil and the 
e,\plnsive at the time of testing is 2.=)“ C. 

In making the test the explosive is weighed out on a cjjvmical 
balance and the charge so wrapped in tin foil as to make a j^Jlet 
m the form of n Hat disk 1 cenlinieter in diameter. The hummer la 
raised, the stump is lifted, the jwllet la placed on the anvil, the stamp 
is pressed gently down upon it, ra ay to insure a gnod contact, and the 
whole IS left to attain tlm standard temperature. The stop is ihen 
set by judgment and the hammer raised until it is disengaged ut the 
chosen height and falls uimn the plunger. If no explosion ensues, 
Uie stop IS set at a greater height and the hammer released, and this 
metlmd of proredurp ii repeated until either explosion ocmira on im¬ 
pact or the iiia.vimnm range of the macluiio is reachefl. When ex¬ 
plosion does occiir the test is repeated with a fresh charge of ex¬ 
plosive and slightly dlminislitd distance of fall, and one thus 
prei^s tentatively until such „ lieight of fall for the hammer is 
reached that there is no explosion, and yet if tliat height be ejtceedwl 
by but 1 cimtimeter an explosion occurs. This point is then fixed 
oj four Additioiiai giiring the same rtsijJte, 

Provided all other tniuiilions remain the same the hrisnnt or 
skittering elfrct of an raplnsive varies with the veloidty with whiclj 
tlie chemical react ion, or explosion wove travels through the coJiimn 
or charge of the explosive. Where explosives are fire-d bv detonation 
Ihw movement, as mea.«nired in definite terms of time and ienijth. k 
sly\i-xl the rate of detonation of the explosive. The making of such 
deierminatiohs is not new. for AIjcI mea.mred the rate of detonation 
nitroglycerine, and dynamite nearly 40 vears ug,i > and 

Ifc«W<.t d,a s. Hom, Id l.,„. ,vh.t h» b«» 

stnndnrdizing of iho i„rtluKi. tjie lin- 
proxement m the details and oiieration of the chronograph, and tlic 

introduction of the method into gxmeral practice. 

(infinite and uniform area of exposure, tlio cartridges 
of explosives in their original wrappers, hut with the ends cut ofT^ 
as to avoid the damping effect of the layers of paper are oack™? 

.. ^ ihb. du,t i™ 42 in.h« ii, r4i,T,;' ^ 

diameter froiti 14 to 2 inches, acenrding to the character oMlif pv 

low. Wl«„ ,h. tnb, iL h,«, 


* PhlL TtiinB. J(U. S7T ! IfiTl, 
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triiTS nre inserted througli perforotiaiis in the tube nud the cartridge 
file at a distance of I meter afitirt, and these i^ires are separately leil 
to a clironogTupli. Ati electric detonator of the usual type and grade 
is inserted in one of the end cartridges of the file; the tube, as now 
orraiiffwl, is suspended jn the firing ehamlier; the copper wires which 
pass thiongh the explosive are connected up to the chronograph; and 
the charge is fired. . 

The chronograph which reconls the time tliot elapses la>tweeii the 
rupturing of the wine nearciit the detonator and the wire I meter tlis- 
taiil friini it is known ns u Mettcgnng recorder^ and is shown in plate 
10. Tlie primal^* oomponenu of the Atellegiiug reconler are a soat- 
covert'd brunam drum ho connected to un electric motor tlist it may be 
cniised to revolve at any desiied speed up to lOo revolntions jwr sec¬ 
ond; a 2M-volt D. C. electric motor provided with a rheostat for con¬ 
trolling its speed; a v-ibration Inchomcter so connected to the bromse 
drum that the number of revolutions of the latter in unit of time are 
fltwdrateJy measured for any speed iirtween 150 am! lO.'i revolutions 
per second; indiJcLion coils which may receive their electric current 
from electric-lighting circuits having terminal pras-ures of from 
about tut to itsiO volts; and platinum terminals placed about one^ 
fourth of a millimeter from the surface of I he rotating drum, and in 
circuit with the induction coils, by which electric sparks nre so pro¬ 
jected ngnimst the surface of tlie drum ns to disturb its sootv cover¬ 
ing and produce a tiny bright spot at the point of impact, which 
spot may be easily iierccivcd by the aid of « microscope attached to 
the drum. 

The drum is 500 millimeters in rircuimference. Ttie edge of this 
drum is provided witli 500 teeth which nuiy be made to engage an 
endl^ screw, A pointer attached to tliis wrew posses over a dial 
reading lo hundmlths, and it ihiin eiiubles one to read the distance 
interveuifig tietiveen the spots produced on die soot-covered surface 
of llie drum nith great pnecLsion. Tlie drum is provided with six 
plaliniim terminals wluch nre held by an insulated arm that may he 
ifo moved as to bring llm points within any desired distance from' the 
drum, and each one of tiiese points may be put in series with one of the 
induction coils while the other end of the electric lend is gmnnded to 
the drum through the haso which supports it. Only two of these 
plaiinum terminals are used in any ainglf-firing triai for the deter¬ 
mination of the rale of detonation in u given explosive;, while the 
other four line hehl in for futtirt use. 

1ft openiti^ ineLiir>d of ascertaining the rate at ’w^liicli Jot- 
onation when once initiated is transmitted through a column^ or filci 
of an explosive^ the electric cumint which used as? the tnofhum for 
triiusmitting the record is, at taken frojii its divided into two 
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parts bj piut^ri^; it through two efiiml tamp resistances, each of whicli, 
at th« Pittsburg testing station, c.'oniiists of a series of 3ve iG-raniilc- 
power lamps, 'rbesfl leiula arts then, after inilepeiiilently tniversing 
tlia cartridge fiJe at the itiiliaj and final points, jointly connected to 
one of the poles of the primary coil of the induettoa coil tlirough 
which the current passes to the return conductor. The sccondarv 
eoil of the induction coil ta then connected hy one pole to the two plnt- 
iniim terminals and hy the other pole to the base supporting the drum 
as described. As is well known, in tlie iriductlnn coit any change of 
tension in liie primary coil sets up an induoed ciirrent in the sec¬ 
ondary coil, and this mutnn! induction lietween tlie wils retsults in 
the produdion of a higher plential ditTerence at tlie terminals of 
the secondiiry one so that sparks of considerable length and Intensity 
may be obtained. 

The vibration tachometer, by which the speed of rotation of the 
drum is measured, is connected to an auxiliary shaft which engages 
the main shaft of the drum bt' gears, ibus preventing any irregularity 
in recording the speiKl due to slipping. This tacbotuetcr measures 
the numljcr of rolntioLia of the drum, and os the circumference! of the 
drum is areurately known, the distance whith any point on the t>e- 
ripliejw tnirels may easily be niU'nlnt«l. Hence, at the highest speed 
of 105 revobnions jier second, the distance of travel is 52.5 meters. 
At 50 revolutions it is 25 meters. At 8G revolutions it is 43 meters 
fwr second. With this number of revolutions it is possible with this 
instrument to measure l he one-four-tuilHon-Ihree-bundi'ed.thousandth 
part, of a second of time, 

A more recent and simpler method of measuring the rate of det¬ 
onation is llmt devised by M. d\Viitridu',' which was described nt the 
congress in lynulon, in 1000, hy Dr. A, M. €omey, ns follows; 

TL& of M, irAtitrldii? nfwn Mso iwof a pjxrelal c1<?tonntJn^fiiiie 

luLTlni^ a uniform of iHm mL*t€>rfl tier ik^inL A qultnhlo IwiEtli of fiiftc, 

noounliji|£ irt thp {tt tJii? rolntoti of ejcplfislTo to be tswtKl la tiiVeil for the 

tw fltHl theOTJirt imliiaio of the fuBc radotoffoljiod by DienFiLinnijrnt nud mnrkc^l. 
A ftilnilunk" «ip mutatoltiK; a otmrffeor IS i,Tntn!s fl io ovpr eHch 

oarl of llio foye and rrlji]rt>d Rocnrply, Tbo fns# then laid ujxjia n pi we of 
ItiJ-pouiid ithE*et lend It^ lueh^^ by IE by | 3neb) fAS by 3JW by 13 

mllllmetemi, m tliat ihu of Uw fuKe la nhoiir Id the center of the stieet fit 

lead, niid the jiotEt eultiddlni; with the middle point of tSte fu?^- is tmirked 
plainly run tho slieet lend The fii!«e p»J^» oIoiije the entire len^b of the 

Hheot of l€?ndp and 3trt eodj* lire Injnt around m tlmt tie^irly iiumH, The two 
enda nf ihf fnne eoverwl wllh tlie detolmtlni? -enp^ are iTovrtt^ a short 
nt t^vo points. Into the nsUimn of e?tr4fWlT4\ ihe rettirlty of whleli la t« b+i leeted, 
and the dlslimt^e iK^twwn tliese poSutfl aoeunitoly mHiRTimb TbU may be on lied 
(A). A fulmtnnte nip with fui^ or eleetHc coaiieiHlon^i is plnetHl in one end 
of the fMlIch^ of 'Exploflive,. ^^ipu thia cap is dctunfiioiJ, the exphifiF|i''e wave 
proewdn tbroiicli tho ilermuitltnt fnae In both dlrecrtonfl nnfl at n point 

a Ccrait^t?« rail, iu, 04i any lojjo, 
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(T) wtimt n slitiiTi IEdo la tnrnwd by Uie tffoela of rlip iJeionatfDii Itself, utid 
the iMd Is otiern bmkvi fliroupb M ilila polnr. Tim distance from (.M) to (Ti 
JB flcvuratoly dealpmtpd fis f b). If tbe tnm om!>i of eJw? fuse ore 

dctomtted sUiiUit4^o<coiisly LBl) mid (T> foil toj^etlior^ that i:S, ihc dotooutliia prtn 
cfeils at tho saine rate tbiytU)^ ilio two balviiiS of thi? fosse and ujeotR at ihv mid¬ 
dle. but whi*n a certain leuirth of an Is placed in the clreiilt vre have 

on OQD side ono-Jialf the length of tbc fuee imd on the Olhof ^E|ile one^bitlf ttm 
Ivo^th of the fnse jilus n curtatn meiLBuied ItiugtJi of ojcploelTe. We have tbua^ 

Velocity of detObaUDD of Um ei;;|j!oalve fostHL 

velocity of tho fitsc i(tk,fHM> meters per giec03ii.l )* 

A^nimnnce Imtttoetl two eiicLs of fiiw^ or length of o^|i|wtve tcstoiL 
b—UlHtemc-V bet'U'coa M pntl T. 

ThiM].— 

Y VA ^ tJtXMJA 
^ ” irb Sb ^ 

Aft to the nccnrAny of ilio u^i. It was foiial that by using the fiw nlono m) 
ami (T) always colnciaoil to within ene-rflghlh <af an iucli (R mniliuettM^)^ H 
la easily Been ibat orrotis In uioaBureuimtt will Im_' dimlahaied hy Lncretiae lu 
the length of eiploal^u leytetl, aud It otii bo calculati'i;!, with vctoclUcB of 4.000 
to 0.000 nKtorH jwt p^eonitl, uriliig ir> Inehea {dS ci^ntJiuetertt) of powiitm, that 
liii error of om-fonrlh of m tuch fil niLlltmeters) Ui tmHisarenient of the dlfi- 
tfiinm (VE) to (T), whielj 1 j4h very large one nuiler the eondltEons. Latrodncea nu 
error In ihe iteterintuatlob of the veloclliy of olMPUt & fwr cent. 

Coniey and hi^ uBHddEitos havv tt^ted ihh method quite fullv at 
the ensteni labonitory of tJie Dti Pont Powder Co., nnd have found 
that it gives not only n ready nnd aceumte means of tletermining the 
velocity of detonation through a column of any desired length of 
cxploaivp, tflit tliflt it is also po^ible by this inclhod to determine 
the velocity with which a detonAtion wave travels through the air. 

Et is obvious that tha flanvo-giWng ([unlities of an explosive plava 
a most important part in its Jiability to ignite fire damp and other 
combifstiblo mixtures, and tliat, all other conditions being Hpial, that 
exploeive which giv^ the shortest llainu for tlia briefest time is most 
Miitahle for use, Hence latterly much attention lias Ijeeu given to 
the study of the flumes from explofiives, and many devices have been 
cfitistnictGil hy which to photograph tliem. 

Among these is lim one employed at the Piitfilntrg testing station, 
where the flam* is photognipheil on a ijioving |ilm< Tlie charge of 
explosive is fired from a “eantioti” of Ui* type used hi the gallery 
testa by nieatis of an electric detonator or igniter, but in this test 
the “cannon” is mounted vertically in a concrete foundation at n 
dixtanre of about 18 feet from the lens of the camera. To cut od 
*’**^^*^*®'^ ™ys» so that the tests may be mad* at any time, 
thft^ cannon” is inclosed in on iron cylinder 20 feet in lici^it arnl 
■13 inches in diameter, which is connecteil with tlie ilarlt room hy a 
ligbt'tight iron conduit, as shown in plat* 11. Tlie cylinder, or 
0TS78*—sn 1010-20 
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5Uai"k* is provided whh ii door in tJm side, tlircmgli whidi tbe “eiin- 
non^- cjin l)o loiided* tiiid with Ji vi*r!ic/il slit 8 in length hy a 
inches in width, which is so plnced thflt its vertical center coin tides 
with thnt of the conduit mul also with that of the lens Uy which it is 
viewed* At the time of firing the t^jp of the i,tsick is oovoivd w'llh 
black paper. The c^indinL is ol tho point where it ends in the 

witII of the durk room by li shiiUeF^ 
nie tuiiiera coiisista of n dniin oti which Uie sensitized til in is 
moil tiled ^ an clecLnc: motor by which the drum h revolved nt ii knmvn 
rate, a qua list kaiH, ^ si.milciFcuhir shield in which n stenopnic slit has 
cut, and a shutter by wdiieh to control the slitj in the shield* All 
of these e3seept Ihe motor arc indoeed in n liglit-light Imin. The 
semicircular shield is j>]aced rlofte to and concentric witli tlic dnini 
to prevent any light reaching thi! him except tiiat pus^^itig tlimngh 
the stenopaic slit, A lens of ipLurtii is nsdtl htnOiLtse it fociisei* nut 
only the vLsitjle light rays, but also diose invisible viokt raj^ which 
occur to a large extent in the dames from explosives. 

By means of a tachometer iMdli the number of revolutions pc:r 
minute nf the tuoUir and tbe peripheral s|>ced of lb® ilmm arc 
directly rend cdL The maxi mum peripheral !i)>ectl of the dmm is 
20 meters per second, and this rate is employed when detonating ex¬ 
plosives are tc?-tc<h but with slow-burning explosives ttie drum is 
run at a slower rate. At the lithmeter rjite I ludlimeter width of 
flame equals OM millisecond of time^ and as tlie meaivnrenieiits of 
the Hume phonographs are read ti> the nearest qumier of a niilliiucter 
tho smallc^l time interval nieusiireil m the 0.0125 niiUisecond. The 
chai^. of explosive used in the te^^t Ls ItX) grams, iind Uh^so charges 
are Bred Imtli with and withcaiL steinjiiing. 

The result of this test on black blasting powder and on a pei'mis* 
sible explosive are shown in plate 12, figure L lly the term " per¬ 
missible cxplcjssiveIs meant en explosive ^vhich has satisfactorily 
passed all the prescribed tests at the Pittsburg te.^ing station and 
is rcgardcfl as stable for use in coul mitu'^ 

Otio of tlie most novel of niuiiem is tliat devked hy iL 

Thomas,^ who has employed the X mys for ascertaining the condi- 
lion of thr pow^dcr core in Bickfurd or running fuse. The cniiKe of 
mkiires and delayed ignitioim Ima been tiie subject of much specnlii- 
tiotq and among other t_hct>ric3 prupi»sed was tlmt of a break in the 
oontinuity of the powder cores. In plate 12, Ggtire 2, which is u copy 
of Thomas'g X-ray picture, the interruption of continuity in two 
pieces of the fuse shown is very apparent. 


IJ, Cltrra. Jirf. Sqr. S. Afrl« ft, ISS; ie0«. 
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By tv. W. CaUPdelu 


Tlie name of Sir WilJiam lliiggins is inlimatelv ossn^'intei] with 
the enti^ history of ustmnoniica] sj-rfotrosoopy. With Kiitherfim], 
Seochij Anffsti^m, Draper, atitl others, he was n pioneer in this sub* 
jBctj and bj ^^irtue of long life, enthnsinam, aiitj iineommon wisdom, 
his oontributions have enrich^! astrononiicnl knowleilgp cliirinfr a full 
half centiw^-. His lainenied death on May 12, at the ripe ago 
of 8(t ^ars, calls for a review of his reraarkablo enreer. 

William Huggins was iKum in London on Kebriiarv 7, 1824, Ilia 
father w^-i in comtnorcial life, anti was able to provide the ^n not 
only with a good etlucadon, but tlic finanrial inftana to follow *b- 
tronomy in a private capacity, nnattadiwl to mavoiaily or esteb- 
lifilred ob^rvatory. His early education was received in the City of 
I^ndon School, and he later studied tiie langnngea, miitliematio;, 
and variou,s branches of science extensively under private tiitore. 
Astronomy and msemscopy were subjects of sjwciul intetost, and it 
was a dilHcuit question with him as to which lie aliouid attempt to 
advance through original investigations. The decision was made in 
favor of nstropamj- In be reitinved to 00 Upper TiiLje Hill 
then a short distance in the open couniry* south of London, now 
wilhm the great city, wliere he erected an observatory in connection 
witli his dwi^lling Uo\3.^; tintl tlier« ull of bis Trorlt 
consisted of r dome 12 fwt in diameter and r transit mom. There 
was erected In it an (X|untortaUy mountetl telescojje by Doihind of 5 
inches aperture, at that time looked upon as n large rather than a 
small instninicnt,’* He commonoed work on the ustied lines, fairing 
transits, observing the planets, and making drawings of planets. In 
1858 the B-inch refractor was replaced by a Clark 8-incii refractor of 
great excellence. 


' Itr'prtatrf br prnnluloa Aftev antSM ir rtTj,ioB tna publloittoB* « tOr Ai<™n(,nHr«l 
evclmj df tie Ffcdflc, TO), 22. Xa. 133, Sao rtM<t(Kov Ortober, laia 
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^ In tU^ Mnetec^nth Century Eeview for June, 1897, Sir Williftm 
fioj? p;\\m an inter^^tin^ accoTiut of hia entry into the spectmticnpic 
field: 

I mon tw^me n little diRMtlnnixl with the routhte clMirneter of orOiniir]? 
aRtrnnoTii]enl n^orh^ ami In ii Tiifmo wny soiij^ht Rltoui in my msod for Iho 
[lOfBiEblllty of research upon tbo h^v«nsi in a nt^ dlroctloo or hy now ni^hoilM^ 
1< Willi jupt At lliis time, when n vrtBTm Ifrtifdoi: After newer inetiiodn of oh«enn- 
ilm for nttAcIcln}; iiLiio>' nf the probtemfs of the l 3 » 0 A¥eA|y bodlefl fllloa my mlmi, 
thfll ihe ni^ns riHRcheil me of Kli^hholTfl jnreot dlscovt^jry of the trap nniTim mnd 
Qjfo chtmiicul <!ODFtitutioti of tile- 9110 fttjm hlii toterpreijitlcFn of Uio Fmimbrifcr 
licLi'a 

Thlft news wnfi to me like the eomhij? npon a Jttnin;? of water In n dir and 
thitiffy inniL Dere at last pn-i^red Itself thi* ordor of w^orfe for wldoh 
In an IcdGllnlto wnj I wiia ha^klnj;—nauiuly. to extend tls novd niothods of rt- 
search upon the sun to the otht-r heavenly bodlef^ A feellntr a a of In^lratJun 
mt I felt MB If i liEjil It now In my itewet to lift a veil whkh boa nev^r 
before tssm lifted; as If n key Iwul been pat Into my harnlq which would tuildek 
A cioor which had licon regunled Rfi forever e|o««d to niau—the voU miid door 
behind which lay :ho unknown of the tnie ptituro of iiie hicAvenly 

bodina. This Man wtHclally Wfirk far which I wos fo n Brmt ojttent jareimri^l/ 
fmni belna alrendy fnmUlnr with tlie chief inetliods ol cbemlcal mid physical 
nwenrrh. 

It was Just nt this time thiit I hapiiencd to meet at a solr^ of the pbamie^ 
ceutlczil KTicJpty, ifhore speclrasroiA^ were abowuH my friend nod Dr. 

\\\ Allen prttfef^r ut ehoitilstiy nt KIdb's College, who had already 

worked mrn^h au chemicfll 9iwtro»^oi»y, A suddi-u Ltnpalpe Betred mo to snggoflt 
tn him that w'e should rvtiini hp>iin> <o|n?tlier> On vur w'ay hmiie [ told him of 
whnt wab In my mind nnd asked him to join me In the ntlempt 1 wns nlKint to 
tuakc, to apfdy^ KinrhliofTn niethniU to the sfnm. At tbrHt, from owislibpnitlmfc of 
the jjrent cvtaElve fnlntuetiB of the slAtTi^ and tlie KTvnt dellcMcy of the work 
from I he eorth's motion^ evim with the nld of n cJfMzkwark. he hesLLaUtl ns to 
the iieobahlllty of oar sueceesL Piunlly he fiprecd to romp to my nhsen ntory 
i.m the Ural Bui* pvenhm for some i^reUmlnary exi^rlmetita an to w^hat we lulE^ht 
eX|ieet io do iiinn the ntam 

• * • From the mm, with Mhleh the nehlcltw^nz professors Imd to iSo— 
whlrh, even brhthl ns it In, for stime imrls of the Bpeetrnm lmt« no light to 
PlJare—lo the brightest niani la o very far cry. The light roeelved at the 
earth from a first majmJtudc stnr, ns la only nlmilt the nnf-forty- 

thtatHiind-mlliionih ptirt of Lhai received from ihe sum 

Fiirttuiatply, SB the ators ore too far off to show a true dink, it Is pobbIIiIc 
to eoAc^ntmte ntj ihc light r^sceJvi'd from the star a[M>n: a large mirror or 
glasR Into Ehe teleaoapic Imngc?, nnd sci Ijiereane Its brightness. 

We Could not moke ui^ of the eissy met hod adopted by f-^xuihofpr of plac¬ 
ing a iirlam iK^fore the *)tjpct glflas, for vre necilcd a terrestrial spectrum* 
taken under the mma canEUtlouB, for the Interpretation, hy a sininltaneons 
coitJisijrlflvn with It of the atar^s siiocLmm. Klpchbora method ret]ulrci! that 
the ijimge of a star should be thrown upon a narwnv si it simaltaneonsly with 
the iighi trom a tin mo or frnu? nn efectrlc spark. 

Th*-pe eomllilona nistle It ueceAnniy to ottacb n spwtnmYipo to fOie eya eiul 
of tlie teleacQiHs so thnl It would be carrlnl with it wllli Its silt In the friciil 
plane. Theu, by inscuifl of a smsll reflettluK prism placed befnre one half of 
ihe idit, light from a tcrreairlal boutcc at the aide o£ [he telescope could be 
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(tent Itilfi tbo Snfftjrunifikt, toi^^htr w\lh tin? liuJit, nuU so fonn Ji ^pwtrum 

bj ibc Fidt* of fttvllfir apiTtniiii for eoturenltetit COtn^rl!«uu U, 

TUlfl ifTtH not ull. As ttio tidoecofde liujigp i>f ji Btnr Is a iiotut., [ts^ ptpcctnim 
will bo n niirrow lUw of Ilj^t without apjirpcialilo bmdtb. Now. for tho 
fib«erTatlnn elthpr of doric up of brlFd^t: Udcs aoross the s^M^otriTiii n cerroin 
lir^dtli Ee absolutol^ jic^dfiiL To gfot brcodLli. tho Inint^ of Qie HtJir 

^ tiiufir bo broody 11^ out. 

Ab lijflit Is of om liDportiim», Jt wii» destrsblo to broaijpn the wlnr^ii 
ouJjr in tho ono directEou niM^fiaSHUrj to jHto bti^dtb to the sfteciTumj or. In 
other wonlK, to convert tJao slallur ixjtnt Into o short Hue of Kucb nn 

onlqr^piorit irj ano dltTctloD ouTy coubi tio ^Iceii by tbe devt-cp^ flr^ omiftuyi'vl 
by Frciutibofor bliu^tf, of n lens Oi'mv&x or couojivp lu one tlJrectJoti nnly, ami 
bnb tiiid HO Ikovtiiiii; no action on the It^bt In n dtrectlon at rl^bt nngIcB to ibp 
fomipr one. • ■ • 

It Jfl sM'nretdy poj^bto at the prt^Aent dity. wLen nil tliesc jwlnt* nre ab fntiilllnr 
aa boiiHpbold wiitidiJv for nny nstroikompr to reullz# ibp inrrse amuiint of iliac soil 
InlMir which had to bo ilevoted to ttio QneceBBfnl conatnlctEon of ttw ftm Btar 
spectrckw^jIH?, EdjitfPially was tt dSmt ult to iircivlde for tbo Antlnfiivtory liitfo^ 
duetlon of thij IL^lit for Lbe eouLiliarlwni siiedtrttiii. Wo soon fottodp fo our iliw^ 
nitiy, btkw eaiftly the com[iATlBOn lines nal^bt bctn^roo InBLnitniintally nhlfri^b 
and so no loji|.*er fftrtctJy tldmmL Aa a l«it we usrsl the isolnr linos iw 
celiecEHl to us from tlie mooB—a test of jnom tbnn EiidlL-l^t dellcnir with the 
rc^hivini; Ikower nt onr couitmind. 

Tbon It wfiH tiint an astromkuilcnl olwwvatory be^cu for ilte first time, to 
take on the Apiwaraoce of n labn^ntory. Prlnuiry batteries idvlng forth nexleoB 
IhHwh, wore amiiir^rs] nntsido one nf ttw? wJsntnwi?; n tar^Eu LnifnctlDU coll erood 
mounrod on n Biatnl m wiaecls bo ns to follow tJio posItJons of the ey* «>nil of 
the toffetlier with a battery of fim,¥nil I^eyden Jarsi^ Bliehoa with 

Bunsen burnerm ractintii tubes, and bolt las of ebcmlcnhi. cfttkcdallv of 
mens: of mire niotalsy lined Its wallsL 

In tSW my obBwrv-ntory was enSaiimd from n dumo of 12 fm in dtamnter to 
D ilrion linidnjc a diameter of IS feet. Thla alteration bad twen maile for the 
rccptktlun of a hirfier teiescofko made by Sir BewnrtS Umlib, nt tho eJEpenw of a 
legacy to the Boyol SodcHy, and wblcb was r^lnrrd In my bnmbi nn loan by 
tiiot nuclety. -tbUi inntnmmni wiis fiismlBlicd wltb two UdesenrsM, nn nclim^ 
mfltlc of incbcs ntiertnre ami a Cbsseirmln of 18 Inebwi npertnre, with mir¬ 
rors of Ki-cKmiuoi molal. At this time onn only of thew tolL^pea Cfiold be In use 
nt fl time. Later un. In tS^a. by n device which, ixiiairml tfi tiio nt plvln^ 
iciescorjc nn Indem-naeiit decltnatlou aria, the cun* workten? Within tlio other* 
both tclcsciifkoft eon 111 r^nln lo^iether op the «iiuttoi-laZ njonbtlnir, nod be 
eqniilly rwidy for use. 

* • It iB not easy for men of the prest^i aencratlrm^ fnmllhir with the 
knowledge wbleh itie new methods of rej^rch of which I am nbimi lo Bpenk 
liaive revealed to Its, to put thimHelyeg bnek n pTeneratlnn, Into tho iknJtltHi of 
the selentUlo rhon»dit which cyliMt>d an these mTbJectn Ip the enrly jetirw of the 
Queen's tcEpu. At that time noy tnowU-di^e of the chemical nature anil of tbe 
Jdayalcs of ihc bwivenly bodies wa« rc^rdwl as mm only tmpwwiblo of alTnln^ 
merit by any method of direct ohPf^fvnilom but at^ Imlocd* lyln^altniji-thernulkTlda 
the llmiuttiomi tmjk«d tipon mnn by bis nt^fusps, nnd by the fljitr of bla poirttJon 
unop the earth. 

It could oincr be. It was ponfldenLly thonoht more than a niatter of jire- 
rntroption, wbetber even the luntter of the anti, and much Wm that of the ttiam, 
were of tbp aamc mitiir« ns thnt of the earth, and the aaecmiang tioerfy 
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ntliaii>0 fFnm it ilue to mcli tuittier nt h Jiiidi totnponiture. Tiio n^nJar 
lii'lujtlieslB of Ijtiiini.ti at the (.ii4 of tin* IbbL ixTUUirf idiuirod, liuieeil, tluit 
Lifltter BJiDlljir to (tmt of tbo uartit sliotild oxiat Mirongltout tho sniar Hjatotu; 
but ibffi tlilB bjpotbNlo injodt'd for It a full wxufli-jujitiMi Uio Judepend- 
out uud dlmjt oltMrvBliftu tiuit tin? notar tnniter wua terrmfrlal lii |l» naturo. 
Tliijs UworoUoul proUibllUf lu tiio ciu«j of Uto huu viihIiiLmI into tbln 

uif wboB itiD Attempt HTrtft mude* to ox tend It to tl«! mellnr Luoint for It miiflit 
wplJ Ijc urgred that in tii<J«^ iJiuiMiiwelr distunt ffKlono nn oi-lidmtl dlJremn’c 
of tlHi tiriHkonllul atulf an wril ab cilJif>r condJcluiiM of (XinilPhL^tiiin wore jiroB* 
pot, fi]villa to grouiai pf aiilMjtAUCtiii irlildi liaTs but Little anoioiQ' with 
thnw? of oiir earthly ehouiietry. * * • 

The dark lines were desLTlIjod flr?! by W'ollBtrtion In 17»2. who strutigely 
nmoeiittad thoiu with the iKiundnrles of the spectral Colors, nnrt eo tumotl 
iwiiLicnticrajy iboualii as'oy from tlm dlnsotloii Lu which lay their true aljf. 
ulBLunoe. It TVttA left tu Fniiinhuftfr In ISiS^ liy wbum* iiunj^ the durk lines 
are lUll knos-p, not only to mop epjue tJOO of them, but nhto to dlscovor eimllnr 
Uitw, hut UliriTwitly orniDijea, in K-voral etitrsL f'lirther. ho found ihat a 
pair of dart Hues In the Holor s{)tvtrutn itppcariia to corre^iond in their rjwri- 
Uoft la the spectrum, and In Ihelr dUtauce frum mch other, to u isilr of 
brijtbt lines which were nuurly always presiuit In tcrreitirlnl famoB, Thia 
Irtnt (itrtcrvalltm rohialiuMl iho key to tlic luleri-hMatlou of tho dspk lipiiH aa 
a I'lale of S)-niho]s, but Frtiiuiborcr failed to use It; and the liLrih nslro- 
Iihyslrs Was delayed. An obserratlou by Forbes at the eclipse of ISSB let! 
thnutthl 11 way from tlio suitewitlrc eacijerinients of Fpaiinhnfcr: so flwt in the 
1 cry year of the yui'eu’s necesskm the kutiwltslge of the lliue had m be suniined 
IIP by ilm ,SoniervlJle lu Uie uepitlon; “We are still ignomut of the cause 
of iJjwftj raylcsa luiuds,'^ 

I,nter iiu the tx-vrtatJun eanifi more or Jess fully to many nilmlH. FiHicnnlt. 
J, Anpsliflin iireimred the way, I'raiJhutlo wore jiiod,e by 

Ntokes aitd by Urd Kelrla. Hut It wns Rlrebhoff who. In IStat, first fuDy 
deve1o|iea the true signlfli'amw of the dark lines; and hy his jolut work with 
Buneou on the solnr stmtrum proveil bayuiul nil tjuHstluti that the dark lines In 
the Nfiectmiu nf the sun ore prodijefid by lUe .nbnorpilnn of tlie viiTiors of the 
same aTtlnttnutt'A, which when snltubiy heAtitd alro out convspoiiding brlitlit 
llni«; niui, further, that many of the wlsr absorbing viirmrs aro (hose of flub- 
Kiancdi found Upon (ho enrth. The new nstnianniy was bom. 

Mwjn eftcr the close of ISiiiS. In cullaboratUiu with Dr. W, A, Ullllec, I sent s 
Ptulljiilimry nolc tn Uie BoyaJ Boelety, “On the Hu ,hi cf *m,e of the Used stars." 

^ nnd Alrlcbnmn, 

ulth state^mt that wo hod ebseried the siwctm of wn,c dfl mid's, and ahw 

he s„^m of the p nuws Jupitor nnd Mars. It was n Htils rcmnrkable that m 

r ^ “?*«» ft 

jtatJ Tt] V"' ^*’*7 America that almllnr observations on 

some of the stars had been msiVe by Mr. flTiiherfonl. A very little bihsr similar 

TicmUy ?y "n'ltsrtAkcu lu Konm by and m 

In FHminry, isea, the atrletly astronomlfttl elm meter of the oliservalorr wnn 

tMt fiipulKhni wlih itatlm uud other ur^t'llntuss for the wet colIndioD pmcew 
VW ..litflltied pl,otnt,wapl,A indeetl. of the spectm of SlHus and llimtln- but 
frotn want of attaidlii»s nnil more pci-fect udjustiiinnt of the Instniniwta the 
[hou^ .jeOniul at tliu lilies, did not sIhw the durk iinJaa exi2‘tSd 
^e dry coliodtou pJsnis thuu urn liable wore not rapUl cuonith' asi;l thotvet 
pmccss wna so luconveulent for long eyppsures, from iri^m;. drying, un^ 
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ilrnlniii^ Unuls firm] iu^ |p wblat ttu? ptut^st had oftea to hr put, that 

we tlftl Jiol Ja our attriuptir to thr atrniir I 

tJjeuj imlili suctDisH tri 1S75. nri wo idinll fi^rtlier on, 

^^Tifiievcr the Titf^htB wort* flue, our winrk on ihe sfinictni uf the stnrm went 
on. and rtio rriiiittiT wpri« ronnnnnlmtFd to the Ro^vl\ in AprSln IfiJSWj 

after urbli-li Hfr MIlIrr Jmd not Hudk-frnt tr^mtn^ Eo roiitlinie worhln^ wltli 

• • ■ I jni^ an at «!». tben^ftiru, tti tla* j-oar tSTC, Jo wbkli. by llie 
II Id of the new dry ibiutce, wiib grhitln flUo«, lutrudiH.^ed by Mr. 
r wrtM rtble to take tip ngnlu^ and tniti tfnio ivJtb igu^.'ess^ tbo pbDtd^npby 
tlir jstH?err?i of ibo stnrR, tif jpy early ntto±Li|>tji at wlildi I Mvo n 3 realty 
apokcat 

By thin time I had tlie lErrent Lmpidnenn of Feotired nn able and entlin- 

Blantk nMHtirtnnt hy my nairrJii^ in 

The ftriftif and notiibli! ndvaneen In atttmnotnlral nietbi^ otid dlacxtrerle^ 
by [ueaiia of btmtofimphy+ vlnre 1S75 k 111*0 due nlmoat entirely to the m!- 

viiEitA|£e« which the dry pinie iMumasmB for vm In ibe nbBervntury orer 

the of Dasreenro. and even omr that of wet collodleu. The sHver- 

brnmldo |h*ln|lc plale, which I wjin llnit. I liellorr, to uw.^ for phoio^ph- 
Ieik the of stars, exs^tt for Its froLned teitiire, meets the noeO of the 

astrooDnier at nit |x»lhta This plate iKMisesswa extreaie sensEtUeiie^s; it Is 
iilwM^M rt^dy for sise; It can hr t^laced lit any [Mjsitlon ; It eiia be rKt^osod for 
huum; lastly, inuiic^lhite deveMma-nt In tun httreasury** and for this ri^^isciu, 
as I men fotmd to Iw nws^ry Vn tlda cltmnti!. It caiii be exjiowd neftlii to 
the same objeet on socepotllni: nl^taj iiinl bo make up by buccowsIvo InfftaU- 
tnenis, ns tJio weather mny thermit, the total louff exiH>»ure whkb may be 
uendfuh 

The bower of tla^ ejru ftilln off as the Biiectrcrm cattotMjjj beyond thy bhiep 
ntid Fooa falls nltosethor. There Is, therefore, no dm whack to the use of 
AhsSB for Lhr brinus and Irnses of a visaid Biieeiroscoiie. But while the sen- 
Bltiveiiosii of n pboto^phU; pinto Is not alDiElfirly llthltcd. glnss^ like the eye. 
Is liii|ivrreot]y traittitinreot. atnl *oon tkeenmes iHnique. to the parts of the upee- 
trum ut a short dletADco beyond the limit of the visible speetrunr ' To olitafo. 
Idierefon?, upon rbe phite a Ei»ectruta complete nt the blue end of stella r IlKlib 
It was ncoi^Tvotry la Avnhl i^liiss nud to employ Lusl^d IrelniLd siMf iind rock 
crystai, wbieh are trunsimreat up to the llmlL of Uie nltrs^vlnlet Ufibt which 
enn r^ich ns through our nt£U(iM|dK-rc. Such a stieetroscoite wha conutruiited 
and ftxed with Its slit ftt the focus Of tho gtirat speciilam of the Cbse^grnlu 
telascQj^e, 

Jlow WMs the Iniase of a star to lh> taiHfij Eirouijiht. and thru kept for an hour* 
or even for UMLy twure, proc3j5ely at one ptnee on a s3lt wj rnirrow as about fJm 
i?iie Iw'ii-hiinElredEb of &a Itn>h7 For this rha very couveiilent devico 

wm futnpEed of making the silt-plateii of blRbly poUfOied nnlel, so as to form a 
dlvldi-ii minor, in w*hk-h tlie rcUccteil Imai^^ of 11 star oniM Iks obseirr^l from 
the eye end of Hie telcfNoiic by mojiiiA of n tnuall tcIbScojnt dxoil within the 
central bole of the great mlrrer. A photograph id tJu? sp^ectrum of & f^na, 
taken with this liLMirunmut. was ^hr»wii at the Hoy 11 1 So(dL4y Iq iJfib, 

Id the sbei.^rq nf such Mars na J^lrtus VcsjIt caiine oot Lu the nllm- 

vlolct regloTi, which np (o that time hart remained uneyplorehl. tliL* ci>mpEctIuu of 
n grnnd rhyihuiicnl ETOup of eftron^ dfirk llues^ of which the wed-knowu hydro- 
sen lines Iq the visible rcgtou form the lower ummLereu Terresltiul cLumiViitry 
tHA-umo etLrlc|ii--«l with a imiro ciHiiplPte kno*iirtH4p> of the anectrum of hydmsen 
frtitu tae slitre^ Shortly aftiriw'ard)^ Coniu suci-ecded la tdiatd^rnphUkg h 
siiuUnr opcetTum lu his Inboraiury fruai oRctlily hydrogen. 
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The ytjars 1&63 ic 1390 wor^ nijide fruitful by Hiig^ns?^ especially 
in die couipari^ii nf terrestrial find stellar E^poctra. He established 
dial tlie principal dements in lUe earth’s surface strata exist also in 
the attndsphcrqe of the stars in the form of va[iDrs niid gases. Other 
studies attempted to aminge the principal stars m the order of their 
ernl lit ionary history—in the order of their effective ages—from the 
different appearances of the hydrogen and metallic lines in their 
fipcctm.. 

Huggins's obicn^ation of the spectrum of a nebnln^ for the fir?d 
time in ISQ4* has probably never been surposEed in dramatic iutercs^t. 
in liny departmenl of science. From the days of Sir WHlimu 
it hud lM3cn n niiidi-discmsscd question whatber the nebidie— 
the faintly shining bodies which had not been resolved into separate 
star imagc^i—were continuous in stnicturc like a great gaseous etond^ 
or were composed of unrcs^ilvable on account of tlieir enormous 
distances. To let Huggins s[a^Lik: 

The nature of tii^erloiia wna rHU nn iinncnO rkullc- TownrU 

ttip mil of thfi luRt l.■!^!^ltllty tilt* ItcirRcLolH fram hla ohJwr^Titlocift ni Hloii^h, 
etiiiiL* tr-ry amr w^Liir In ilnuhtlcRs tUc true nntarc iniri. vluo? In tlii> 

t|if* ai?tailii*^ I will \^t bLtn niirak In klR own vrordn: 

“A Phlaliu^ flniil nf n nature unknown to us, 

“ ^vuini n flf!ni (if injvpHy Is hprp <i| Kaiod to fltjp cnnccnitfliis | ■ * * 

mny now expliiln that very esteriFlve no^siilnslty, Gxpnndctl over mare tlinn Op** 
iif the beaTpQs, ahout tta* canfitpUjitlna uf Orion, a lumlnons matter necoiintln;g 
much hener for it tlmn clupterEnir vtRtn at a (IMninre, ■ * » 

“ If ihlfl iTUitier Bclf-lniiilnoq.i^ It stremfl more fit lo umlttDe a rtar by Its 
conUenRatlim than to 0 u|icti 0 on tlio ntiir for Ita 

This view of the ni‘t>nlie as parts of a tlorj' mJMt out of which the hf-arens 
hml lM*en skiwly fflFliUmeil. bemm. n little tHrfore the aiiititle uf the iiw-spat cen- 
tiif^'p nt least la nmny mlad»;, to jrlvn wuy bofaro the revc]iilloa!i of tlio f^nnt 
tolpscopw which brut c^inu? Into nnU espwliiUy of ihe ttle^*oi)0, C fcot la 
UlametiT, constructed hy the late Kurl of l^osiie nt n cost of not tesa tliaa 
£32.000. 

Xebuln after ni*lH?hi ylekleilH rerolviHl apparently lnti> lanunir*rahSe ptarfl^ 
09 the optical power was Inerensetl ; nail m Ita^ opintan beisflii to gala irroand 
that a LI iiehulir may Im c^pshteof resoSutlon into stars. Acconling to this view* 
aehulm Wiiiild hnve lo ho roparded, not na early sta^ of an cvolutloiinl propreeBs. 
hilt mther ns Ptcllar gnInxEes alr^ily foraiccl. external to our syntem—coflnilen] 
“Hindbenps"*—too remote to Ik? Emistmted Into thdr component Htnra. l^ftl 
Ilr^sse hliuBoir \ms careful to oat ibat It wouLd Im amuife from hl 9 ob»?r- 
vatlonp to eoneluile lilnt nil nehnlnisity Is bni I he glure of star* t(*o mnofe to he 
resolhy our InstmuseaiD. In 1^58 Horhert Spencer ehowed el^rly ihut. 
uotwltMtiimllnp; the IVithKiiUoivn feveiatlnp^ the cviUouee from the ohservnttou 
Ilf nehulie up to that time wm ri'aJly in foittir of their Lielng early utaaea of an 
eroliitloiml progreislon. 

<Jii The evening of Aiijoiitt 29, 1SU4, I dlrectckl my telescope for tb^ ftrst time 
to a plam-toiT nehuUi In Omco, The rtiailer tuny now Im able to picture to 
hlmsa*3f to i^me extent the feeling of excited 9Usi«9iB4^ mlughkt with a i]egn>e 
lif awe, with which, after a few taimUes of hcsltntlcin, I put my eye to i3±e 
upectTowope. wrna l not sbont to look Into a secrot place of creathmt 
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I ]mk^ Into tho i5jJc=i^troscoT>a No ^Jifetriini inicU ua 1 expMtoiL A Hinkle 
brlplit tine At flm 1 Htutiioctcd sonio dljtiilrtctnicnt of the prlftm. And tlmt 

T wHiA JooklHii; at n rwfioctlon of ihp illninliinlwl fram one of its fnCfe?. TIiIp 
thomtbt ims smttidy mono tlian nmmpniiirj'. Tbpil iruo interpridiitloii 

OiiEbcd upon Bit The of tJio nd>iilji wufl monocbronuitlt unlllse 

any other ll?rtit I had ns yot FubJiJCtod to rrEFinnik oxamliuillon, ctaild not bi^ 
^xipudod out lo form n eomiik'ti^ jf)*(*irtrunj. Altor imAalng through the two 
lirlmi!:^ it roniftltic?d co!ii;x=ntrflted Into a ginifto hrijthi: I inis hnvlug; a width cftr- 
rps|>ondln^ to Uio width of the slit, aikd occnpjliicj in tlio hisTtruiuent a poelMnn 
nt thnt part of the »|M?ctniiii to which Ita llffljt bolonKa In mfriiiLglliElltyik A ILtLle 
doaor lootihii^ nhowtHl two othiM^ hright Ituea on nlde toward the blue, oil 
Uio iJireo llniM being a?pjinited by lnter%-ol8 folatlvely dnrlc- 

Tho rlch^ti! of nohiilie wng itdlTed, The auBwor, wliEcIi liad conic to hb in the 
nRht llBolf. n^dt Nor nn mnrreimttcHi of i«tiinv but a Inmlnonn rue, Siam after 
the oTcIcr of oiiir own mtu, and of the brighter fitnm, would tjivo n different 
Hpectminj llio Jlgbt of thia nebula had clearly h&cu emltled by a lumlnoua gas. 
With an cxww of i;:jiiitloiiH at llie nioment I dlil not venluro to fiirllier ihon 
to liolut out that ive hnd here lo do with bodies of an oMior iiiiUe iturcrent from 
tliat of the BtaiA Fun her obset^attona snon ■L'onrlnccfl me that, thou gh Llic 
short Ilf human life Is rUr t^ra inlimtc rolatlrely to coHntal oveuts for us 
to oxpeel to In anccosslon any distinct stoii hi so nimnist n firocoM»s tla? 
prohahlllty la. Indeed, o^'orwludming In fbvnr of nn evolttihsa in tho pnst, and 
still Kolnn on, of the heavenly hi^sig. A time surely existed when the iniittor 
now cendeniieil into tho sun and r^hniota dhtil the wholo spaw owupi^ by th«? 
aolnr ay atom, hi tho eimilltlon cf gaa which then apjaxired as a glowing nebuin, 
after the ordcFp it may hO, of aniji+> sicnv exist Eng lii the Ijea^Diefi. There renmlned 
no rcjoui for donl>t dint the nebTjhif+ whSeb our telescopes reveiiled to tisi* nre the 
early sbiges of long tiroi.'eioiiofis of eosmlcol events which mrtosiKiud brrmdly to 
thofcW? refill I red by the nebntiir hyrM>theala In laie or ulher of Its forma 

Further obseo'fltionp idcntifietl two of the linv^i a-'? iltie to hydro* 
gcrip ObservatioDS by vnriotis gpectroBcopisIs have i nr reused the 
uutnbiT of brijrht lines known to exist in nebiilor spetim to 30 or 40, 
blit aside from hydrogen and helium^ nceonnting for alKmt one-half 
of nil the observed lines^ I lie chemical constitution of the so-cnilod 
gnf^oiis nehulEe is ntikiiown. 

To leave the subject of the nebular spectnim here would mislead 
the iiiex|>erien€e(h and it is necessary to say that only a minority of 
the nebiilje thus far observed in this way show Bpertra eouidsting 
ehielly of briglit lines. The spiral tiebtilie have s|>cdrn chiefly con¬ 
tinuous and their composition and phydcAl i^aic reinnia u mystery. 
Even so for bright-Hne nebulie, as observed by Huggins in 1854^ wo 
cannot sjfiv iliat tbey are shining by viriun of the heat of incandes¬ 
cence: the tendency of present-day opinion is that their snljstancfes 
are comparatively cool, and that tlicir lurainphilT mo^t urise from 
other condttioru} not now llnderstoo^:i with certainty. 

Important cantribiitionB to our knowledge of temporary stars—^tho 
so-called new stars—were made by Huggiti4$ in half a dossen papers 
on their spectra. Tlie principal ^tars 5tudied were those which ap- 
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peared sud^nlj in Corona Borealis, in the Cnent N'ebda in Andro¬ 
meda, and in Auriga. 

Tlugjpiiii was among the Bm to apply the spoctrosM^ope to the study 
of eoinets, A do^n pa[>ers by hlm^ on anmiftry speetra^ make inter- 
estiug reading, for they rw ord the gradiuil evolution of our knowl¬ 
edge of physical eonditimiis existing in comets up to the year 1SS2. 
For example^ speaking of observat ions of Winnccke’$ comet of 1868 
made on tlie evening of June ^2, he says: 

wacn a siieetTO-wyp*^ wlHi two jirlania of m' waF an^ltr^l m the 

(Ike llaht of thi?. t:oimH waa rr^ftilreti Jntn ihre^^ vety hrond, brieht 
baaii^ * * * 

la me two mare of ihi-se Iwan.lH ttao U^ht wum lirluhtcHt nt the 

fc™ refTanjc^ble ena. and i^dtiaU^ iI3iuSHfjtht«d fownrU ibn ether IJmlt of tTte 
bnndfl. ThlE ^datEon af U^hi wus iiol uniform Lu da? ailddli? uml hrtglitufiJi 
bmirL which continued of iwnrJj eijufll brlEUtmey for ntw^jt otii*.tli3rd ot Rs 
bRsnllh frriiM tin? ktm rwfmnalhle end. Tida band aia^eared to ik? oomm&ucM 
at Its brightest alili^ hy a bright line. 

The tHiirt Fefrjiugible of lliu throe humU dtij not eshIblE a Him liar murlctyl 
RTndntlon of bHghrucw. This hiiml, tlii^iigii ttf m-nrty uulfom! brimaiwy 
throyglioun was tK^hajra hrlahu>at almtit the mltldJe c^r Its bmidth. • • * 

The following ilnj- I i.to^ttllx cotmlderod fhr«e obsorvatlooH of the 
wJtb the hon^ of a ^kjsslblo Idcaidd^^tldn of 3ta fio^drtini wllb that of aome 
terrestrlckl siibedance. The wi^eelrum of ihe comet unj^enretl to me lo reaemhli? 
same of the forma of the K|K?ctrum of enrbou wMeh i hod ohNorred and cnriN 
fullj^ mroaun^l la li^W. On comparing slit? Hpeetruia of the cinmel with ihe 
illagrama of thew apotlrn af carhem^ 1 waa much tutcrested to [im^lve that 
the posttlona of the hamls In tbe speetrocu, as welJ a a thi^lr goueral ehHTuetertt 
and relndve brightness iigrim'd cjLiLelly with the att^-esrijiu uf uirhon wht?u ihe 
t=[fcftTL la laRen En oleflntit gas. * • • 

It was with the fltkadinim af carban, aa thua obtained, that the stkoeiriini of 
the comet appenrea to agree. It sct^mncl, therefore, to be of tiiueh luhthirtance 
ihat the s|>eetruiii of the sparit la olellHiit inia abonlil he conu^f^r^'^l dlr^tJ^ 
Ui the fqtectrortcot^ wun ilit> fir">ctnsni of she comet. The couktmrli^n of the 
E 4 ia with the coniet wna made the same ^enln^, June 2^. * * * 

The brlghteKi end of the aihhlEe EmiiuI of the COntelic HjifTtnim wnH aeon to 
be colneldeut with the commenceiiH^nt of ihe eorfe«tPondlng liand In the 
^iveetmu] of the apnrk. As thlM Tlmlt of die band wcib wi'll detlnofl In hotZi 
flliedtw, tiio colorldenee could be i^liafactorlljr i^m^rvaa up hi she power uf 
I ho apcctraBCfj|iej and tuny be coinilderi?d to lie determined wUhln aidant the 
dbrtanee wbEeh sii^ianile^ the cwngionouta <.f die double line U. As the Umlta 
of the other banda were lea? disdnctly ^een, Ehe same aumtint of eertiiluty of 
exact eohicidiince could not be obtaltiefL W'e cotvsldored ibefte iTdinds to 
precisely Ln poaltiuu with the haodn corresciKindtog to them hi the sw-trum of 
the spark. 

The apjjaront hh^utlty of the si»ectrum of the coimn with tliat of enii>i:m 
^s not only on the corncldeiicc of ixi^tEon hi Urn s^hcctmiii of the hands, 
h tit also iipou the very remnrkohlo teKomblufieo of the rorrespijndlun bn nils 
In their pcnetwl ehamirEom and In tlmlr relative hrlglitnesji, TIiIh Ih very 
imdceabie In the mhldle hand, whoto the gmihirloii of briglitness is not iini- 
fono. This band In boih sjioctrfi r^Kumhiod of aenriy c^inal brigJdliews for the 
aaiiH! proportion of ju length. 
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On a euLh^uent evrainir, Jmn* llJj, I r-epesitwl eompitrlsKfiiH, whtm the 

toraii-r Ol>»er™tloiw were fiiUy cooQraiecI Itt everif imitlmEftT, On tbifi eToiing 
I cttiTtporec] th(' 1>r3^bte«Ft bfLUil wJLh lliiit yf L^urlMm Iei the hiirffer s^kfictnoacfiLN^f 
wlilcb u d3»];)erHloEt of slHriuc Bve priMniH. 

Thip reuiarkiLbly cl«tu of the H^h^ctruiii ef ihe cirn^fK: to the n[w^ 

tmni of carbon ar>eei^ri37 the Identity of the 0 ubstfitio$a by wbleb !n 

both cflBcs the IlKht wuk eculrtod. 

The applECAtion of tlie Doppier-FiKean principle to the nie&;in'e- 
tnent of gteUar velocities has assuioed grc^it iniportance in astroiiomi- 
cnl fOvcHtigatloii. It k now easy to look backward and my that this 
importance was inevitable, but it was not easy, half a century ago, 
to look forward and say that this must bo w. It iis cKaracteHstio 
of the pioneers in tilts hdd tliat they were slow to publish their ideas 
and obseiwatiofis. 

It was Fizcnut in 1848, who first enunciated the prindpJe correctly 
that motions of approach and recession must cause corresponding 
ftliiftings of the entire spectrum, including the dark lines of Frauti- 
hofer, towiird the violet and red, rej^pectivdyT but wdlhont change of 
color. FjKeau also outlined methods for applying the principle to 
measuring the motions of cclestiiil Iwidies toward and awny from the 
observer. Whih ihejse methods were sound theoretically, they were 
unpractical. All matters spectroscopic were then mysterious, and 
Fizexms statements attracted no serious attention. In fact, bU lee- 
ttire on the subject in before ci minor EMxdetT in Paris, was not 
published until In tlie meantime the stihject was receiving at¬ 

tention on the tlieoreticul and laboratory sides from Fiaeau and 
Clerk Maxwell] and on the stellar side from Huggins and Miller, and 
from SecL-Iu. Seech Ts paper in Comptes Rend us, Paris Academy, 
dated March 2, 18f^, (kscribca his search for high velocities of the 
stars in the line of sight, conducted under encouragement from 
h irxaii, which le^l to merely negative conclastotiK; and he remarked 
that Kiiccees in detecting veiocities in the line of sight no greater than 
that of the earth in its orbit would require instrunH^ntal equipment 
more powerful than was then at his dkptiRal. 

Almost simulianeously appeared a jxiper by Huggins and Hiller 
in the Pliilo^itiphical Transactions, dated April 23, 18^0, from which 
tlie following pnragniph k quoted: 

la a paper ''On the iriKctni of fiome of the slara " hy mjmlf ana Dr. 

A. Xluk-r, ircDRurer iU»>'ul Society, we ^nve an fiocjount tif the method by 
wklch we bud BDccoetled during the years ]802 nnd lSfi3 la mnliinf; fniRttvorltiy 
ftliuunantviiH cumikarlftooH of the hrlglit Unci? of tcrrestrlrtl JHitmancea with 
the dark lines Iq the of sonic of the flied Htnra, We were nt tho Uuie 

fuJIy nwftre tMl ttieso dtrecl cciuuttirisoiia wore aat only of value for t±te tnufc 
Iminodlnte fUilTOBe for which they had Uoea undertaken, namclyr to obtala Iti- 
forJna tloti of the elienitcal coast I tut ion of the lavestiup atiuosiFherw of tbe 
ntartk but tlmt they tui^ht nlao posHihly Eerre to tell us saaiethlii^ of the motions 
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of th€^ Htora reintETclj to our If tlio atara vcvrK* iuotIui^ loii'iLnl or frocu 

yw eartli, tlioir motion, compouoiliVl with tJae CfiirtEi's moMdn^ wowl^l niter to nn 
olHtfrv4>r m tlnr eartli Uit ru/mlufibtlKty of Lho liEht ejDiEtedI by thviu, jiiiLl t-tm- 
^'t][ieEit]y [lie lines of terrestrial wmilit mt Inu^'r t'oliirldi-^ Id |»sLttoti 

In the 3i>Getni[n wltb the diiHc Pines producod l>y the ubsor|?tloti <if ihit viipcirtt 
of the uibitlai; Id the stntu 

Itupi^atcd efforts to aieasure iho volfwities of rccesajon and ap- 
proacL of Uie atnis were made in Inter ycni^ by ITiie^ns and other 
oliservers; nnd while their resultit were ineeciiraie nnd erroneous, 
they did not work entirely in vain, for the successes of the later 
observers in any subject are built, t<i some extent, upon the feihires 
of the pioneers. We now know Unit visual metliotTs could not have 
Lad more than very mode rate suecess-, even under the most favomUe 
conditions. Tho coming of very sensitive dry-pJates has made it 
possible for a Gdiidi tclescoix! and sjicctnigrajdi to nteasure the ve- 
lodtics of a greater auiiibcr of stars tJjan could lie done with tho 
3(S-Lich telescofnr, using visiial juethfaJs of apeetrostopy. 

Perliaps Huggins's grt^atest contributions to the development of 
cch-^ial spctrlroseoiiy Imn; come from his efforte to interpret the 
origiiuil observations by means of laboratory observations nmde by 
himself anti others. To these problems be brought philosophic judg¬ 
ment of unusual breadth and deptii. Ilia public addiesses, reviewing 
astronomiciil progress and forecasting the problems of the future, 
were of unusual interest and excellence. The Cat^liJT addreM of ISDl 
was in this ivgni\]. 

The eiMHilwaiakiiig work of Huggins brought him early and full 
recognition from universities and learncfi soeielics. His government 
alone was slow to reward him. He was Ikde leoturcr in Gainbritlge 
University in 18G9; he recciveil the degree of IJ.. D. from Cumhridgo 
in 1870, and tlie degree of 1). C. L. fmui Oxford in 1870. He was 
made a member of tlic Itoyul Society in 1805. [ft- received the 
I^lnnde gold medal ami Hie Janssen gold mednl of the Paris Acad¬ 
emy of Sciences; the gold medal of the Ooyal Astronoinivn! So< icty; 
the Royal, tlie Riimford, and tho Coptey medals of the Roynl .Sticiety; 
the Bruce nmlal of tlie Astronomical Society of the Pacific; and 
pi^Hi a ps Others 

He recejveJ lionorai^" deg'iim?s from many universilifts, and was 
elected to memWrslup in the Icaduig academies. He was president 
of tJic British Association in lEOl. the year of the Cardiff mcrtbigs. 
He was piv!sideut of the Royal Society during tlie years HKK>-I!IOii. 
On the occasion of the Diamond Jubilee of Queen Victoria, in Ins 
seventy-fourth year, lie was knighted; and in his seventy-eighth vear 
he received appointment to the Orticr of Merit. 

It is a law of nature tluit ripeness must give w'uy to youlli. For- 
tuiittteiy, the example and work of such as Huggins live on into 
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iiuocceding gcdcrationa, and the history of Dstronomy will keep his 
name on the of gnsat pioneers 

For 35 years he expcrieneed able and devoted support in tiis scien¬ 
tific duties and undertakings from Tjady Huggins, wliose ossistniioe 
was always real and active. Tlie iiistoiy of science docs not teU ua 
of more devoted coworkers than Sir WilHsni and Lady lliiggins. 
The sympathies of all who liave had the good fortune to know them 
gu to her who has been left beliind. 
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TITK SOLAR COXSTAXT OF RADIATIOXA 


By O. R* Aintor. 

t>irct>tot «/ iho o/ ihv l^mlthJttfHlnn tunlitHtlf/H. 


Liiigle}' once wrote: 

If Lho nbwmitluti of (bL' iimouiil of licMit iLt* stm wmls ibe oprtli |» hhjoiu; 
tbif jiifHir iaiiKtrlAikt anrl difflcult ji^troiiumicnl pLyatiw, It huiy nIso be tenneU 
UiL' fuji(Jaiucot:it ttroblt'iu of lawsiMnologji', nenrly [ill wLose pbenooiuiui would 
iirtillctnWc If wu ItiiCTF Iwth tie orlgliifll ^imiiHty niid kind of tills 
Iwiit; bow It Affects the roiistltutsita of the attiiosriiiere on Its pawd^ enrUi- 
ward: Low much of U renchea the soil; how, Ihroiij^h |ho old of the ntmospherei 
It liiillntaiiui the fliirftice teniitemtiite of this nhnwt; ;md how. In dinilnluUcd 
iluuaUty auA nltered Wiiil. it Is llunlly retufiscil to outer ejmee* 

Tho first great nJvance in the stqdj of this ntotter was made by 
Pouillet more tban 7tl years ago. ITc ooastruoteil an imftrmnent 
%v inch lie oh Hod a “ PyrhelLometer." K comprised a dmltow circular 
nietaliic bos lilackcnod to ibsorlt smi mys, having a thermometer 
inserted in the center of one dn nlnr face, and lieing aniinged so as 
to expose the otlicr cdrcnlar face broadside toward tho sun. The in* 
strument was first shaded for a time, as, for instance, five minutes;, 
then esposed to the aim an equal time, then slmded again. By readii^ 
(he thermometer before and after eacli of tlie intervals j'tist men¬ 
tioned, the rise of temperature due to tJie sun, exclusive of the Iossb 
and gains of heat duu to the sitrTOuniling!!, was thought to be de¬ 
termined. Knowing the water ^luivnlent of the pjTbeliometer and 
the urea exposctj to tiie sun, the result could be converted to calories 
per square cenlimeter per minute. 

But it Ls not sufficient to know thy amount of heat available in the 
solar beam at the earth’s surface, for this is reduced by the ainnunt 
of hfwc, dust, and water vapor in the earth a atmosphere, and even. 
IIS Rayleigh aftenvards showed, tUminished by the diffuse reflection 
of the molecules of air themsolvKs. Hence the uitensity of the solar 
beam not only differs from day to day, but increases between sunrise 
and noon, and decreases betwwtt noon and sunset, depending on the 
ciigth of path of the beam in the atmosphere. Builgucr and Lam¬ 
bert, indepeudetitly, about 1760, had derived an exponential fonniila 
connecting the intensities of the entering and outgoing iJeams with 

^ Abtat tfr tlwi ^i>ldr UdIoil Cdtircr^ii «> at Meiant WElM Salax 
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the thickness of the medium traversed* This formiiIn Is vs^rionsly 
giveiiT, but mftj be used in this form: Am^ where E and are 

the intensities of the outgoing nnd entering lieiims, A a constant 
expressing tlie fraetion transmitted through unit tliickness, and m 
the thickness traversech In the cose of the atmosphere it is natural 
to take unit thickness as that of the layer between the observer and 
the zenith, and m ei|Uiil to the secant of the y^iiilh distans-e of the 
celestial objects This latter assumption h not gtricily truc^ liecaiiiie 
the air layer is not a plane para Ik I sheet, but spherk'al in cnrviitunfj 
and secondly because the l>cam is curved by atrnospherie refraction. 
However, as the air layer of sensible density k thin eompai'ed with 
the longtli of the earth’s radius, and aB the refraction is negligible 
except near the liorizonj the upproxiniaticm is very elo^ for i^nith 
dktanccs less than 75®, for which wi’=4. Knowing fn. and measuring 
E by the pyrhelionieter^ tw'o observations at different zenith db- 
tancea hx the valufHs of El* ,iind A, l^iiilkt-, pnioecding in si>me such 
manner, made numerous determinations of thes4! quantities, and con¬ 
cluded that the value of at mean solar distance b al>out IJfi 
calories per Jwpiiire centimeter per inlntite. This^ then, is l^ouilkts 
value of the i^lar constant of nidistion/^ 

For the next 40 yeari thi^ result wiis generally adopted, although 
the experiments of E^orbes, Viollej and Crova and the theoretical 
work of Kadau indicated that it was too low. Langley, about ISSO, 
stated Kadau'saigijmerit in a highly convincing form^ Briefly stated, 
sinoG the fcranamission of tlie atmosphere differg, dei?endirig on 
w'heiher wo consider blue or red light, und especially on whether we 
treat of rays which suffer only the general scattering of tlie molecules 
and dust particles of the atr, or tjike tho^ wlikli are selectively oh* 
sorbed by water vapor and oxygen, mid which arc almost completely 
extinguished high above Hie earth’s surface — on account of this 
inequality of atmospheric extinction Pmiilkt's methofl inevitubly 
jdelds too loiv results* 

Langley, by the aid of \m then newly inventeil bolometer, mens- 
ijn?<l at Allegheny, and in J88l at Lone Phic Eind ^rouiit Vt hitne}^ 
the transmission of the spectral rays ecparatelyy computed how the 
energy^ of the sun is distributed in its .spectrum outride the atmofi- 
phere, and fixetl a new value of the solar constiml w'hirh has l>crn 
generally accepted almost until the present time* 

The method of Langley* whieh is that now in uec, is complex, hut 
necessarily so. Imagine that you have a very intense solar gpertrum 
before you, and that it is still early morning, wiHi the sun perhaf^ 
an hour and a half high. If yon had a thin, delicate, blackened 
thermompter yon could carry it along in the spectnim from the ex¬ 
treme ultra-violet to far beyond the rtN.1 end of the visible gpectnim, 
and detect varying degrees of temperature rise ]>roporilonal to the 
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lieiit pnxiiiccd by ciicii spectral ray. At encli of the Fraunliofor 
lines the ilierniometer would fall aligrhily. The great A band of 
(ixygen would produce a large decrease of icnnw rat lire, but beyond 
the red vou would think several times you had reached the end of 
the spectrum if you did not kuow lietter, and that you weie exam¬ 
ining great water-vapor bands. Suppose now that several hours 
Liter you repeated tlie experiment. Vou would find tiinl. excepting 
in these great water-vaftor hands, practically every part of the 
spectrum iiaa hotter ibaii before, and that the change had been 
greatest in the violet end. At any ia'lected wave length you cotild 
then apply the method of Pouillet, and find what your instniToenl 
would have indie it ted if you could have read its rise of teinpcraLuTe 
tine to the heat of the solar spectral ray outside of the air nltogethcr. 

Tt would be natural to plot upon a convenient echIo the spectral 
distribution at the eartli'a surface, and outside the atmosphere, using 
intensities of the epectnim as ordinates, and wave lengths, or pris- 
luiitic devintious, as abscissae. The total area included between such 
a fun’c and tho axis of al*£cissae (or ^cro intensity) is propoiiionul 
to the total radiation of all colors combined. Hence the ratio lic- 
tween the computed area outside the atmosphere and that measured 
at the eiirtlds surface is the ratio which would be found l>etweoii the 
rending^ of the pyrheliometer If one could read it outside the atmos¬ 
phere and again at the given hour at the earth’s surface. So we 
should detemdne the “ solar constant ” by multiplying the pyrheli^ 
meter reading nt the earths surface for the given hour by the ratio 
just mentioned, and then reducing the result to mean solar distance. 
One thing, however, is to he considered. The energy in the griMt 
ivtmosipheric absorption bands of the infra-red spci'trum does not 
increase fast enough, as the path of tho beam diminishes, to fully 
obliterate the bands in the energy curve computed for outside the 
nlriiosphert*. But we know that there is no absorption in these bands 
duo 1o the Sim itself. They are solely atmospheric. Hence in draw¬ 
ing our cxtru-atmogpheric computed curve we draw it smoothly so 
as to eliminate all atmospheric bands. The remaining solar Fraun¬ 
hofer lines may be blurred over by using » wide slit of the spectro¬ 
scope, or, better still, a smooth energy' curve representing average 
intensities may be drawn to allow for them, both within and without 
the atmosphere. As for the ultra-violet and infra-red regions U'- 
yond wlial is convenient lo obsen'e. corrections of a few per cent 
arc added for them. 

Such, in brief, is the method of Langley for determining Ihe solar 
conaiatiL of radiation. Unfortunately in this pioneering work he 
came to dLstruel tlie application of the exponential formula of 
Boiiguer to tlie atmosphere, even when applied as he did it to homo- 
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^neoufi, fh«t in to tuoiiocliroHiatic rJiyfi. Ily wait thus Ind to 
fix the solar constant at 3 tailories per centimeter per minute, 

whicli now appears to be fully three halves the true value. I quote 
his own words m description of the tuethcMl by whieli this value was 
derived: 

Wc niiw uroeeetl ta Ooieruitne fruui our |n.»toai«uu: iijbsorvELikiiis u value which 
we ratiy believe * • * to he n m^P 1 ^a^^^pa of Iht* cotuinian^' unil ouo 

within the protmbtQ truth. All the evhltsuL'e we ]wwee?» allows • * • thjii 

t±ie utmopphere prow-s tiiore tniuKiilsBlIile hb we npceial. ur ttuit for e^juiil 
weljd^ta of air the iratotaUssIbtm^f Inerbiisea (and prolKiibly eontbiuouuly) as wo 
i;!j up hlirlier. In dudljij; oar niliiliainii viiluu proct'cd ua foMowsL Still ilcat- 
los with ra^ wliloh are ns apprcurlmaiety homo^jeueoiis a« ivo can cipcrlnient' 
airj ohtarn them. I.el tifl inke one of tlicw rayn ass an exataple* and let It be ttw? 
one whoso wiive ImiKth Is nml wMch enuned a ileflecUoa nt Lone Ploe of 
201. iTte coemclMit of tmuHinJBi^on ol this ray, ns dotomiLuod by b]s:h ami 
kin^ sun tit Lane Pine and referred to ihe verticnl air ndiAs iFeiwoiui Lone 
Pino and ^loiintalo CVimlN Is O.BTd. From the obwrvntltHiB ut txmo Pluo^ then^ 
the belli of this my upon the mountain sbfjuld bnve been 

S0lX^--20C.<5. 

but the best In this my aetnnliy obipiwvetl on the mountain wAn 240.7. Then?- 
fore, multiplying tht value for llie encrEj of this rny uutskle the atmoiFtihere 
cflJenlitt^l fmui Moiintalo Cnmp hlali nnd low sun obsen'iitluns I2TS) by the 

we have 333^ where 333^3 reprw^iiits tho oneri^y In this my out’ 
plde the ntmosphoro as determined by ibla etworl pro«*flfi* 

By this prnevt* Ldiii^ldv ^>btained the soIar-coiistnnL value 2.630 
raloriejA, which he exjnsidered n minimtifii. By another process ho 
ohtainerl the vnhie 3.ri05^ which he ronsideml a niaximiim. Tlic 
meiiii of the I wo he chose as the eolisr constant, nr^ in round niinilicrs* 
3 calories. 

I^nngley-f* nr^ument is* of course, thnt if we find our formiilu giv¬ 
ing too email values nt n station within the atmosphere to winch vre 
can ascendj probably it would give values even smaller in proportion 
to the tnie one outride the atmosphere altogether wliere we can not 
go to test il. But in fart the transmission coelBcient found ut Lone 
Pine was not applicable to compute what ought to have been ob¬ 
served at ^loiintain Camp. Tt wns applicable tn the average tranH- 
missibility i>f all the layers of the iiir from l^rme Pine to the limit 
of the atmosphere. It was therefore /or fop hi{^k to suit the trans- 
missinn of tlie du?!tj% opaque layers next the eartirs stirfnee. Hence, 
by itiJ Langley computed a smaller value for iloimtiun Camp 
thnn he observed, bub this had really no hearing on the problem. It 
would i^eem that the true result to l>e selected as representing Ijing- 
lei^-s experiments is the mean of 2.06 found by the unmodified 
method of homogeneovw at Lone Pine and 3,22 found in the 
^arne at Mountain Canip. That mean is 2il4 Calorie^, 
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After Langley, everybwly adtnUtc<3 that solar constant*’ work 
requirptl ob^natioti of 1iomogi>nous rm}^, bnt nobody practiced it 
until when sniJi observiitioas were begun in ’Washington at tlie 
f?nuthscinian AMrophysical Observatory^ In the mwmtime im¬ 
port nnt advances had oouie^ The brilliant work in {Jcrmany from 
iBtK) to 1900 had the laws ami eonstants of radiation for the 
perfwt rntlmtor or absolutely black body’’* of Kirchhotf. Hence 
we knew approximately that the sun was of tlie order of ti^OOO"' in 
al>sohite tcnipcnitiiiT (centigrade),, and that m its fipcctrum energ)' 
curve dctcmiincd liy Langley was generally i^imjlar to that of a “ black 
Innly,^ there could be no very appreciable fraction of its radiation 
beyoiul 3^ in the iiifrit-re<ly or beyond in tlic ultra-violet. The 
pfKiUions: of the infra-red atmospheric absorption hands had l>een de- 
lerminodT find they had been assign eel to ^vnlcr vitpor and cnrboii 
dioxide. Tlie bands of the latter eomponitd had been found to he 
beyond the spi'Ctral region just named, and hence to be of little ac¬ 
count to diminish solar rarliationr that Angstrom, in 1001, witli- 
drew Ins .^dar-con-Stani vahie 4 cnlorics, which he had based on a 
snppoficd enornioiis carbon-dioxide alisorplion. 

Great improvement had been mode in the bolometer. For ^^si^lar 
constant work this instniment comprises essentially two little threads 
or ropes of platinum, each about I centimeter long. 0.01 centimeter wide, 
and 0.001 centimeter thick. They are blackened fo absorb rays^ hut 
one is hidden from the spectrtim while the other is exposed to it, so 
that the latter is warmed by the rnys with respect to the former. 
Two ctjunl resj^tniicc coils are joined to the two bolometer tapes, so 
that the whole forms a Wheatstone's hridge^'^ The rise of temper¬ 
ature of one of the taf>es incre^iscs its electrical resistance, and causes 
a very minute eletrtrical enrrent to flow and deflect a highly sensitive 
galvanonicter. In ordinary Ijolomeiric practice a ri^e of temper¬ 
ature centignifle is riaidily oh??erved+ 

Ymi w ill not wonder that when this int^mment was a new one it 
was almost unmanageable. Langley has told me often that in tlie hot 
lent at Lone Fine the galvanometer light spot to rush off the 
scale* 1 meter long^ in a single minute. Hence it took several men to 
make an observation. One ^-at, sweltering {this was the Immortal 
Keeler), reading the scale ns fast as he could, while another recorded 
his ntindiers and also set the spectri>scope. One let tlie sun on and off 
the spectroscope and kept the irregidarly nuiiiing siderostat reflecting 
ilic beam approximately right. A fourth observed with the Viollc 
pyrhehoineter. It took thousands and thousands of ohservations to 
deterniine a solar constant’" under such circumstances* The de¬ 
flections could be worked out only by plotting the almost inniiToer- 
able galvanometer readings which the observer had made without 
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tcnttwiTig if the sun wah on or off. It is wonderful thui. out of such n 
mnze the truth wins approsimutely found at lust. 

tlic Astropbysicul Obscrviitory w«s founded at Washington 
the bolometer luid been ao fnr subdued that Langley introduced the 
beautiful device of photogruphically recording the galvnnunietrr 
light sjjot on 11 moving plate, while the same clock wliich moved the 
plate also moved the spectrum over llic Ijolometer tape^ Thus an 
automatic solar speetrum energy curve could Ijc taken without mak¬ 
ing a single yalviinomder reading. But “drift,” tlmugli no longer 
a met ei a inin u te, w as st i 11 an obstacle. Several devices have since been 
applied by means of which “drift” is practically eliminated, so that 
the galviiiiomeler light spot stays day after day practically unmoved, 
except IIS tlie aun is allowed to shine tbrougli the spectroscope. We 
now usually take an energy curve of the solar spectrum, running 
from the band of silver tratisniiBsion near wave length 'O.SS#! in the 
ullra-vinkt, to wave length 2.u^ in the infra-red in eight minutes. 
Such a curve shows more than even Keeler could have found with the 
old apparatus in u lifetime. One observer may now easily carry on 
“solar constant” work without help. 

In his '* Beport of the Mount Whitney E.vpedition," Langley states 
tiiat the measurement of tlie “ solnr constant ” encounters two diffi¬ 
culties, one of which he describes as “ formidobk,” the other os 
“ perhaps infuirmountnbk.” The firM k the difficulty of completely 
aksorbing and accurately measuring the intensity of the solar rays 
fts thev reach tho earth's surface. Xhc second is the difficulty of 
correctlv cstimotlnp the loss they suffer in traversing the atmosphere. 
We shall recur to the latter. After eight years of effoi't to overcome 
the former I agree lliat U was “ formidable." 

In 1894 Prof, V. A. Michelson. of Bussia, published an account 
of his pjTheiiometcr. In this instrument he employed u tube-like 
chamber, blackened within to absorb the rays, and surrounded by 
melting ice and water. The amount of solar beating he deterniined 
by noting tbe increase of volume of the ice as it melted, reading for 
this piiqioflc a graduated capillary tube attflched to the outer chamber 
wall. Michelson's pyrbelioiiicter, which has been, I think, little used, 
may have given rorrcct rraults, but excepting for it I Ijelieve there 
has been no accurate standard pyrbeliometry until this year. 1910. 
Unfortunately the importance of Michelson’s device wns overlooked 
because Ids description was piiblishcti in the Russhm language. 

The electrical com pen sat ion pyrheliometer of Angstriim was de- 
Bcrilwd in 199S, and has alluined wide pcceptniuxi. It wh.'i adopted 
bv the polar T’'nioii as a standard at the Oxford Conferoiice, hiii the 
experience of Kimball and of Cnlkiidnr is unfnvoniblv to it, for 
tiiera is a deterioration after some years in practienlly every in- 
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stnimeiiti Besideg this, there is reason to believe that the instrunient 
reud$ tofii low, at the first. 

In fiiost pyrhclionielers, as in that of Pouillet* there la a lilac^keiif^l 
exterior surface lor the reception of (lie solar radiatioiu Udiind 
whicii lies a device for measuring tempera tore, Tliere are two 
fflUle paths for the hviit produced, one hy conihietion back to the tain- 
pernture device, one by cmivectioii und radiation forward into the 
air. Tins second pBrt of the hear is lost, and is undetermhieLL though 
not large in amount. Ih^isides this loss is a second by direct (‘elicc- 
tion of rays fi'om tlie surfact!* This second loss is usually ulJowed 
lint rieLrniijnatioa is nut easy, fioth these sources of error are 
avoided in the hollow chouiber iDstrunieni of I^lirlielsoik 

BTicii in t&0“2 wo began at B'ashington the study of the sokr con- 
Btant we fortunately, though quite innocently^ did not employ 
AngsirtJtua pyrheliometer. AYe had received from the late 3L Crova 
two of hb itlcohol aetinoineters, and of these lie said in a letter, with 
deiiglitfiil niiivete, that they were good sircondary instmmeuts and 
only required to lie calibrated by comparison with my ^^tkfd^ttyry 
At that time there was rio standard. So we cast ahoui for 
one* aiuL folloiving 'ryndall, who had followed Ponillet, T hud our in¬ 
strument maker^ Mr. Kramer, prepare a shallow, circular copiicr bos 
W'hh u theruioineter inserted at the side, and with mercury lilling 
the liox to the blackened coven The whole was surnmnded by a 
wooden chaml^r to keep off tho wind. By colorimetric measure¬ 
ments we attempted to get the water ecpiivalent of tJiis mercuty 
pyrheliometen and our sidjsequcnt measurements wore all given, 
for years, in teniLs of the scale it furnished. We soon found our 
mercury pyrheliometer more conveiiieiit than the Crova uctinometer, 
and abandoned the use of the latter^ Afterwards we recognized 
that, on account of the variation of the specific beat of alcohol 

with change of lempemtura, we Ehould have lieeii ail at sea if we 
had eontuined to use Crova’s instntiiieni, l^ter we dispensed al¬ 
most w^hoily with the inerciii^' and used a solid* circular* rhiii 
copj^ei- hlockj with fl radial hole for inserting the cylindri(!al bulb 
thermometer, iisiiig only enough mercury to umko good heat c<mduc- 
tioii to the thermometen Finally wa have bent the stem of the ther- 
inoineter nt right angles, employed a steel-linod silver block, have 
equipped the ijiatrnment with various effective little fliixiliary deviceij, 
and by the aid of a grant from the Iloilgkins fund by the j^cHTctary 
of the Smithsonian Institution, have sent several of our silver-disk 
p3Tlieliometors to Europe, to promote internal lonal agioement in 
pyrheliometry. 

Biit S 1 1 though Our scale of pjTliellDfnrtry was fortified by com¬ 
parison of nuiiiemus copper and silver dbk inglnimenbi among them- 
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selves. Bnd though we foiiiul by these intercomparisons that the scsle 
remained iiiichnnged from year to year, wa yet fait s'lii'e that it was 
not the standard scale of an lories. In 1003, not knowing of Mieliel* 
son’s idea of a decade earlier, 1 eoncaivetl the ides of employing the 
hollow ehflmber, or “ nlisolotely !)Ittcli-b<Kly ’ principle. Insieuil of 
combining witli it the Hudsen ice-raloriinater method 1 proposed to 
make ttie walls of the chaiiibor liollow and to circulate a measiiml 
current of water through them, which should carry off ilie lient us 
fast as fonued. Tlia rise of teraiierature of this water I pi-oposwl to 
iticasura bv a platinum-resistance therruoineter immersed half in the 
incoming- half in the outflowing water. To test the accuracy of the 
results I proi¥)sad to insert a aail of resistance win? within the chains 
IxT and to mansure a know'n cjuiintity of electrical heating which 
could he introduced thereby in terms of the rise of temperature it 
prodiicod in the water. This program, after seven yearw, and the 
successive Imilding of three, all supposedly Anal, water-flow pyr- 
lielionioters is now' satisfactorily completed. 1 can not praise too 
highly Mr, Krmuer's admirable skill in the construction of tha.« 
instruments. A curuful comparison, completed by Mr. Aldrich this 
spring in Waabington, of standai’d pyrheliometere Ko. 3 and No, 3 
with secondary p 3 'rheliometcr No. 8 , and through this with secondary 
No. 4, used since lOOG, on Mount Wilson, has resulted ns follows: 

C'fiHirrQnt of Ktismdary fii/rh*^Uorneirr .Vo. 4* 

Kjr KULndnrd ---—-—--- 

Ur fftnndcihl Xo. % ---* —-—_ —O.ftTiW 

III elwtrkal lu^aitin^ was fm^utinll^V iiitroHucwi 

flit LI chtek, and tlic? fomd scldoni deviated more than I per cent 
from lOd pt‘r cent of thiit intrcxiqccd. On the average about 09.5 
per cent was fomid. 

I consider that now the ob^^tacle to ^^kr-coostant woric called 

formidable ■' bv I^iuglej is overcome, and ibnt we may know’ the 
amount of solar beat roceived at the earth’s surface within a quarter 
of 1 per cent. 

It is not probable that I should have been iioru this evening if It 
biiid nm hnppimed iJiat onr '"sokr constant^’ vatnes of 19051 indicated 
n fall of solar radiation of about 10 per cent at n lime jiiyl before 
there occurred a general fall of several degrees centigrade from the 
tiomml tenijwratim! of the United States and Europe. Thb led to 
the suspicion that I lie ■'solar 4!onstant'" was a mij^nomerT JiTid tlinl 
ihc sun's emiiffiion is really vnriBble. After ftirfber studies in Wash¬ 
ington, hinden^<l by long periods of cloudiness, 1 was .s^-ht by Mr. 
I^ngley m lf>0^it ITule’s invitation, to occupy f<]r tlie summer 

11 tempoTurj’ station here on Blount 1\ ilsDn+ As 1 was about to start 
Mr. Langley directed me to remember that I was going not to fix the 
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Bvcrnirc' value of the oos&laDt,^^ hut to observe its possible 

vnriiibiJity. In fiict/' said he, with a twinkle in his eye, *' J iiniy tell 
you that I t^nsider that value of the solar constant as best which 
jufarest a]>pi'ojichps 3 lories/* You will perhaps infer from this 
tliat 1 hod espressetl to him the views regarding liis Blount Whitney 
re^sLilt wJiidi I have given here this evening, lie replied that the 
Mount Whitney work was ilone in the prime of his life, and now 
that he was old and had Inid the subject aside for so long he did not 
feel diat ho couki reason upt>n it as acutely ns he could have done 
at that time, ami then*fore he would let his former value stand. 

In IWOSj 10Oi>j and now in 1010 I sliall have oceupietl for 

six months each year tlie Mount IViIson Smillisonlan station, whidi 
has now Wnme tlie penminciit cement stnichire whtcli lnan_v of you 
have visited. It is a pleasure to iieknowledge the aid, inwpitatinn, 
and friendly com pirn ioni^bip whieli 1 have hud from Mr. Hale and 
Ids staff. In this interval^ partly with the aid of Messns. IngorsoU 
iind Aldrich in different seasons, but much of the time alone {so much 
are instrumental ctjnditians superior now to those of Langley Vs carlv 
work), I have made series of speetro-bolometric and pyrheliometric 
ol>servatIons f«ir the determination of the ^"sidiir constant ^' on about 
400 different days. During lt>05 and IIXIG Mr. Fowlo was carrying 
cir nearly si mult a noons, similar ob^rvationa in IVaBhington wlien- 
ever conditions perinitted. Although the direct readings at the two 
statkiUA differed by iiboiii 20 jier cent on aecount of the relative con- 
dition.K ut sea level and LROO meters elevation, yet our solar wm- 
stunt results agreed within the experimental error at M’^ashington; 
that is, within 3 per cent on the average. 

In li>08 I went tcjthe summit of Mount Whitney with Prof C<tmp- 
Ijelh and we united to recommend the erection there of a permanent 
filieher by the .Smithsonlan In-^ituLion. Thb was approved by Secre¬ 
tary M'lilcott, and a tlirec-room stone and steel hour^ was built m 
August, I^109, by aid of a Hodgkins grant, an^^l now iivaitable to 
all students of scieucc who shnll rereive |>eriTtiff5ion of the secretary 
to use it. In I returned lo [Mount \\^l^tney with a spectro- 
br>iometric outfit, and made a c<>mplete detenninotion of the ’"solar 
constIIlit on September 3, simultaneously with a complete detenniua^ 
tion by Jilr. Ingersoll here on "Mount Wilson. [My result differed from 
hh. by less than I piT rent, althougii my dired readings were, of 
course, fully 15 per rent higher than Ids, on acccuni of the higlier 
elevation of ^fount Whifne\\ 4,420 meters. 

I have just rutunied from a third trip to Mount Whitney, on which 
I had, fortunately^ excellent weather during all the time when 1 
ilesired it. During my stn'ty I made complete eonstant obsef' 

vat ions on four days simultiiiieous with those of Mr, Fowle here" on 
iVloEiiit M ilaon ; I obi^rved with Pr«>f. Kapteyn^s photomctcT on two 
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niglits? made bobmeiric meAsureniunts of the water-vapor bands in 
the in fra-red spectrum on one day; and measured with tlie bolometer 
on two days the relative brightoess of the smi and many different 
parts of the skv. ily expedition lacked the picturesque ness and ticlot 
which distinguished* Utigley's. witli its private car, its gunnl of 
cttvulrv. and n budding astiononier of the first rank, the renowned 
Keeler, as assisUnt. However, I rode from Mojave to Lon© Pme 
(about l&O miles) in an automobile tiding all the while desperately 
to keep my pyrheliometer from being brokan, and was consequently 
joitnced myself. <«it:e to the roof of the automobile, ami barely escaped 
a broken nose. Aly treasured pyrheliometcr afterwards rolled down 
the Mount Whitimv trail twice with the pack mule, and the aet'ond 
time tlie mule was killctl, but the instrument reached the top m 
safetv- My loeawirements of are, of course, not yet redut . 

Considering that practically identical results Imve Ixteii obtmned hy 
aintultaneouB solar constant” measurements at sea level (tVashing- 
ton) and IJJOOmeters 1 Mount Wilson), and again at. 1,800meters and 
iMCt meters (Mount Whitney), observing by the sjiectro-bolometeic 
method of homogeneous rays in eacli caw, I think we mitat admit that 
Langley’s second difficulty was a hugliear ond not an insuperable 
olistncl^ I therefore veutiirc to annoiijiee that I Iwlieve the true 
average value of the solar conatant” of radiation ia for the ye«re 
iDOi to ilHKI. l.t)2 calories per square centimeter per minute. We 
know that the earth’s temperature is higher at sun-spot minimum 
that at maximum. Hence I suppose that tiie value© so far ohsen^I 
are ft little below the mean for a term of years, and 1 propose as the 
most probable mean value of the ‘‘solar constant’ 1.95 calorics per 
square centimeter per minute. 

Our results at Mount W'ilson have strongly confirmed the tmpros- 
sion gained in lOOS that the “ solar constent ” is really a variable of 
sliort and imtgular periodicity. AVo hirt'e tested this concUtiion hy 
all means in our power. But the one obvious and n©ceis^ary tesit. that 
of establishing a second far-distant cloudless station and carrying on 
there with equal facilities and experience a series of *’^lnr exmstant ” 
iiiensurements rimultaneous with those on ilount W ilson, wo have 
not been able to make for lack of funds. 


ASTROXOiUC/VL PROBLEMS OF THE SOUTHERN 
HEMISPHERE.* 


By Eljoirat D, 


It is II TifiUiml tx'stilt of the mone rTOtiit development of the ci^dli- 
zationH of Ihe Soullierii lleniisphcrc tliot advances in the science of 
ojitrononiy should likewise 1 x 3 less extensive than i\wm made by tiie 
jiei’eet civil iiationa of the Northet'n Ileniispberc, From llie nature 
of I lie case, tlie Southern Flemisphero pcfc^^sca rehitivdy few ustro- 
noDdical records which can compare, in isoiut of time, with tliose 
obtained for tiie uortheni skies during^ the last two centnrics; and 
in the past, but to a loss extent tty day, no small part of the progir^ss 
made in mapping and studying the southern skies has been made 
by expeditions from the uldor foundations of Eunripe and America, 

PrnUibly the fiM ol>5ervatory' south of die equator which ctm 
he descriljcd m of a. pertnanent character was Lliat founded by Sir 
Thomas Brisbane in Puraniatta, New South ^\^iles, as a private 
observatorTf in 18£1; its pericxl of activity extended over alxiut 10 
years, uiid it was later ineorporuted with the Observatory of Sydney. 
An obseiw’atory was founded in Buenos Aires in 1822. but its period 
of activity was very shorL A It hough the Observatory of the Cape 
of (lood Hope was founded in iBijO, its activity did not conuiience 
till lS2n, the date of iiB oomplctjon; the extreinely valuable and 
extensive work carried on here during the Sd years past give to it 
the undiallenged miik as tlie oldest permanent nstronomicHl founda¬ 
tion in the Southern lleiuisphere. At n Inter dote we find the foun- 
dation of the Observatory of Santiago in Mcllmurne, founded 

in Williamstowrij Victoria, in 1853, and transferred tp Jfelboiirao 
In ISGlj Adelaide, cs*ablished in 1854; Cordoba. 1870; Axoquipa 
in 1S1>L and i>tliers of mure recent date, ^Vinong the early expedi- 
iionH of ii temporary character may lie noted the vbit of Halley to 
SL Helena in 1G77; later we come to the appt’aninoe of the fir^ 
large systematic catalogue of the southern stars by I^icaille as ti 

^ Upprintn] by pf-nnlnHlnp. wittj luttior’i rprlilon fram piibOrAnaciB ot tb^ JbItphod- 
cM Soeaaf of tba vol. San CmX^ DtC 118+ IPOU. 

3 ^^ 
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iT.suIt ot his stay of four years at the Cfll>c of Good Hope in the 
years the noteworthy investigations Jinitle ai the same 

spot by Sir John HeiTselioL frtiui 1634 to 1636; the espediUon sent 
to Santiago under oharge of Gillhs in 1840; and othoi's of more reoent 
date to which attention will be called later^ 

The observatories in the southern part of the north temperate 
zone can extend tlieir investigalions in many 1ine« of astrotioniical 
rebiearch to a distance of 30® to the south of the celehtiul equator 
without great diGlcuIty or loss of aeeunur}^ but from this limit to the 
Soulh l\>Ie we have ii region amounting to ikboiil ono-fourth af the 
entire sky wdiidi^ relatively to the northern skies, was almost aa much 
a ten'll incognita 7T> years ago as was Central Africa at the siume datCi 
and which to-day con tains many virgin fields which offer rich returns 
to the exploring aatronnmer. 

In the first great suMivision of a.^tronoiny, the aslronomy of posi¬ 
tion, whose field is primarily the deteniiination of tlie nee urate jKisi- 
tions of I he fixed stars, the observed clmngr-s m these positions are 
so mi till 10 that the element of time becomef? the most import out factor 
to enable conclusion.^ to be drawn from a givcu mass of oli??ervations 
iia to the proper nudions of the stars and the structure of tlie sidereal 
iinivei-se as a whokn Because of this relatively short time factor 
since the earlier exact observations of the pnaitions of tlio sou them 
stars, the Bstrvuiomy of precision of the Southeni Iremsphere can n^ 
yet compete with the results from the northern heavens. Sir David 
Gill has said, nnd there is doubtless no more competent mitbority to 
premounce upon tins ix)int than he, that the "^ate of oiir knowledge 
of the exact portions of the Ff ar^ of the Southeni Hemisphere is at 
Iea.st tt wnLtjry' behind that of Lho ^^orthern Hemisphere. Xoverthe- 
less, if we consider the results already ftet^iired in the exact cartogra¬ 
phy of the southern sklcfi, and take into consideration ali«j the re- 
seanhe?^ in this field at pre^^ent well under wjiy, we may mMy reach 
the conclusfinn tliitt the coming 30 years will render our kiiowledgi? 
of southern stJir positions very little inferior to those of the northern 
sliies, always excepting, in this conclusiim^ the disadvantage arising 
from the lack of early obligations, a lack which will necessitate the 
accumuUtiiin of results for many years lx;fore our knowdetlge of 
southern proper motions can equal that of the northern fitj.irs+ 

In this taxk of lietfering our knowledge of exact, star positions in 
the Soutlieni ITemisphere it h doijl>tlc 5 a superfliiou.^ iti mention here 
die excellent w'ork that has lx»cn done in the past and is now in 
progre^^ at a number of southern observatories, especially the exten¬ 
sive results from Cordoba and the CujXi of (Jood Hope, In 1835 the 
Astronombfche flcsellschuft undertook the extensive task of mapping, 
by meatis of exact meridian ob.servrttioti.s, all the stars in the sky 
clow^n to the ninth magnitude. This %vork for the Northern lleiui- 
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5ipKci*ft flrficl foi* soiti6 <11-^141 nc6: i^utli of tho celestial ctiiiiitor is now 
pmctieally compltti-d, and tlie work is adviiiidjig favorably for the 
niqiv southerly port ions of tlie sky at the observatories of MiidniSt 
MelboiiniCi iitid tlie Cape. 

t])ne of die most importaut programs in cornieciion witli the 
rtstronomy of preeision of the Southeru HeJiiisphere is that iimugu- 
nitiMi in lOOS under the auj^pieceH of the Cnrtie^k* InsttLution of 
Wa-^liliigion^ IL has for its object the nieiisurement of tlm aceumle 
positions of about 25*000 stars in the stMjthmi skies in acei>n;hinee 
Avitli tlie systetn of I^rof* Bot^, of Dudhvy Ol)ser\'atory* The instru- 
meni employed is tiio meridian cirelf^ of (he i>iiilley <JWrvator>% 
whicli has used in the past for exactly flioiilar work in the 

northern ski<^ The constants, graduation errors, etaj of this iiirlru- 
meiit have bt^en so tlioft^iighly investigated that doubtless no more 
el^clent instrument exists for iliia class of work. By the ubcs 

of thn same Lnstruinent, the same system of reductions* mid to a eer- 
tiiin extent even tlie stune observers* it s^^ms probable iliat tlie rt*- 
tiults of lliis pt^gram wilt a if or d us a fur more exact Ifi tiding together 
of rbe northern and southern skies in one homogeneous system than 
we possess loh-day* Tiie site was selecUnl at S^an Luiss in the Argen- 
tino Republic* Prof* Tucker* of the Lick Observatory* was in charge 
of the Ciiniegie Qbservaton^ at San Luis and advices state that the 
site seems to be a ver 3 ’^ favomhle one for this class of work. The 
program has been completed as planned and tlie iil?ser%'ens are tsow 
(A pril, 1911) retuniing to the United States, where the results wlU 
put in final shape for publication. The pm|ect involved about 
Syears^ work, and about seven obsecv crs and asaistants were employed. 

In the years lfiS^i-189L iinder the direction of Sir Djivid Oilb the 
OlKervatory of the Ca|je of Gocwl llojie undertook an extensive 
photographic rosp of the southern skies from declination —19® to 
the South Polo. Ttie measurettieui of the positions of die s^urs on 
these: plati^ was carried through hy the liisintrrented and self-sac-ri- 
being labonf of Prof. KaptejTii and the publicadoii in 1900 of the 
third ami concluding volnmo of the gnsat ''Cape Photographic 
Durchmujstemug” marked the completion of this luonnmeiUal task, 
ft contains the positions of +54*8T5 stars, iiejirly to the tenth uiagni- 
tude, and tJie positions are accurate to aUoui 1 second of are. It is 
an e^ioch^inairing work in the cartography of the ^utlierii heavens; 
ill fact, until the oompictiou of the ^^Istrogntphic Cutalugiie” no 
such complete ami systematic plu>tognipbic calalogiie exists for the 
Northerri HmnTsphere. Naturally" it can not compete, however* with 
the atxnmcy of the “Astrographic Charbv'^: those from Helsingfors, 
for esatrjple, having the small prcjbable error of 0 . 11 " for the mean 
of two measured star images. 
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W'^ithout doubL however^ the greate??t proldenn in ibe eurtof^apby 
pf (lie Si HI tin? rn skies vv}ii<rh waits the obfien'fttwries of the Southern 
Honiisplwrc the eompletiou of their rcspectiTe shares in tlie great 
photographie map of the heavens mentioniiJii ubove^ whidi was in- 
iitiguniled at the International Conference hi I^iiris in 1S67- Ae is 
well known, this plan, in its eniirety. involved tho constniction of a 
photogniphic map of the entire sky down to tlic fonrtet'^nth stellar 
magnitude, for wliidi about ii'2.000 plates were to Ije taken, and tlie 
total niiiiiljer of tlie stars registered on the plates would probably 
reach 20.000,000. Supplementary tn these durrts the plans con* 
tomplnted tlie pubUeatidu of a great tJdtakigne of perhap;^ 2.000.000 
stars down to the eleventh magnitude^ Vtase^l on plates or shorter cs- 
po^iuro tjjne^ The task was apportioned among 13 oliservatorjes in 
the two heinispheri^ij- The observatories south of the Er[notor whicli 
p<nsseHs pbotograrphic equatorials of the noifonn type adopted for 
iho work lire thcjse at La Plata, Conlobot ^he Cajje. anti ago, Perth, 
Mellmtime, and Sydney* It was proposed that the entire work be 
repealeti in lOO years. But so vast is the scope of this pi-ngnim tliat 
even in iho Xorthem Hemisphere thb project, whc]$e value for the 
aiitionoiny of position of the future Can scarcely overestimated, 

liaa hy no means made the pir^gress anticipntetl for it at the time of 
its inception. Owing to the enst^ only a few of the ctiopfrnting oh- 
sen'atories have agi^Mi'd to publish the great mapa, and among soiitli- 
em ol>servntorics Perth has decided to take only the plates to the 
eleventii magnitude and to pnblLsh the resulting catalogue, Perth has 
tuken all the plates in its zone, and has coniineneed the measures for 
the Caiulogiie. The section apportioned to the Cnpe of Good Hoj^ 
19 now nearly otinipletctl, l)oth as to the tfrking of the plates and their 
measurement, and rapid progress Is being utade at Sydney, Mel¬ 
bourne* and Oirdoha. Vp in IdOB nothing had been done at 
Plata oraSantiHgo. though l>r. Ei.'ttenpart* recently appointed director 
of the Xationa! 01:>Eerv3tory at Santiago^ -will make everj' effort fur 
the prompt completicm of the zone aligned to him; the work of 
taking the plali'^s has already been begun under the direction of l>r. 
Zurhcllem It would seem that the publication of the costly map?? 
maght well lie abandoned, for the plan adopted at O^fertl of publish¬ 
ing only the coordinates of the stars would l>e far cheaper ™d fully 
as useful. 

Excellent work has been done in defcrtnination of stellar panillax 
Eit the Cape of Go<xi Hopo^ but the difficult field of work which has 
for its aim the determination of the distances of ih^ ^tars by the 
lieHotiiiHer or moflem photograpliic m^ihmh is .^till practically un- 
tourhed in the Soiithcni Hemisphere* Parallaxes of only 17 stars 
south of dcL It nation —30° have been publi^hed^ while norlh of this 
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limit nlx»ut 300 havp been determineclj many of tbeiii a 

number of by different oljservers and ditferent tnethocls- 

In tlie interestinfit field of double stnr?T as is well known, Ilerscbel 
tlijsCfjvered uiany systems in the fioutheni skies, and mndeni ob!Si!i:vei:s, 
as I tines j Taylur^ tind olUers^ hiive Jiiaterially an^imented this nimi' 
ber, Diiririjjf tlie past deeade Profs, Aitfcen und Hussey have been 
Jnakiij^ a veiy* eomplete and systematic search for sucli doubles in 
the Xortheni Olt^tiid Ileniisphere, with tlie ix^huU that s^eveml tlioii- 
sand new rtoi[idej^ have lieen discovered, many of them of l^reat in- 
teri>sh TUey iisive reached the ciincluslon tliat at least 1 in cveiy 
IS stars brighter than the ninth muj^dtudc is a visual binary system. 
To these results we must add the evidence of the spOCtrosot>pO tlnil 
1 in oA^cry ii or 0 of the sturw thus fur examined is Ji speetro- 
,^copic double, and vi^e have facts whoso importnnoe it is scarcely 
po&ihlo to overeslimnte in their ^^earing on our theories? of stellar 
evolution, Such aysternatic research^ for llie tlLseoverj' of visual 
doubles? are mml urgently needed in the southern skies to round out 
the program whicli these astronotners have now nearly completed 
for the northern portions of the heavens. In tine regard there is no 
doubt that the southern sky otfers one of the richest wnd most promis¬ 
ing fields of reseEirch existing to-day, Bumhum's great ^ Catalogue 
of Double Stars;’' recently published by the Carnegie Iristitutiotu 
includes pairs of ^ara and extends to south declination 3P. 

This eminent authoritiy estimates that ii century must pais before 
sufficient data can collected to make a similar catalogue nece^rv 
for the Southern Hemisphere. Innes's Reference Catalogue of 
Soutlicm Double Stars contains "2,101 pairs between the Equator 
ami the Stmtb Pole, but of this number about ()2o are between the 
Equator and Burnham^s soutbern limit, nearly all of tvhich have 
Ijceti duncovered by observers in the Nortbem HerniKphoro, A com- 
parison of the number remaining, south of —31®^ with the results 
from the nortljcru skies will show dearly that there may well lie 
2.00d double stars brighter ilian the ninth mngnitude tit present 
iiwnitiiig discovery in the Southern Hemisphere, to say nothing of 
the need for ndditionsl researches on the pairs almidy known. 
During the past 10 yeat^ systematic observations have beiui made 
at flix s[)eciQl stations in the Xorthem Hemisphere to study the small 
uscdlationx of the Jixifi of ilie eartli known as the variation of latitude. 
These htaiions are hicated at Mizusawa, Japan; T&ehardjui, Asiatic 
Russia: Carlofortc. Itoly, and at Gaithersburg^ Md,; CineinnatL 
Ohio* and tjkiah, Cab; and a^^ all situated almost exactly on the 
pamllcl of north latitude 39^ 8A In lB0r> the associotion which 
hojs this researcli in hand* Das Centralburemi der Inicrnationalen 
Erdmessiirig* decided to extend this series of obftervations to the 
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Southern Hemisphere', anti the plans at first contemplated three 
aiutions: in Sydney, Australia; Capetown, ,\fricn; and Santiago, 
Chile. It was pointed out, however, by Dr, Helmed that lietter re¬ 
sults could bo secured, iis far as the evaluation of tlie so-called Ki- 
mura-tenn in the latitude equation was coiicemed, by two ntations 
pliuied afi exactly as pewsihle on opposite sides of the earth. Ac¬ 
cordingly, after correspondence with authorities in Australia ami 
the Argentine Republic, two cites were chosen in ltK)5 which satisfy 
this condition, and are, in addition, admirably situated as regartls 
climatic ad^nntagex. Both are in south latitude 31° 5:V and 
differ I7i)° 36' in their longitudes The Australian installation is in 
charge of Dr. Hitssen, fomierly of Berlin, and is located at Bays- 
water, West Australia, about i miles from Perth, the capital. The 
Argentine station is under the dirwtion of Dr Luigi Camera, form¬ 
erly occupied in similar olwervatioiis at Carloforte, and is located at 
Ones ti VO, alsjut 45 miles from Cdnioba. 

Both of these stations commenced obscn'atioiis in ISKMJ. and the 
work has been prosecuted with great energy since that date.* The 
resiilts thus far secured are enabling iia to draw more accurate con- 
oliistons with regurd to these supplementary, exceedingly minute 
movements of the earth’s axis. 

The fonmila for tlie vurintiorv of latitude is ordiniirily expressed 
by the equ a tion 

cos A + y sin X -b e, 

where sr and y are the components of the variation in the planes nf 
zero longitude and that perpendicular to thi.**, while tlte term called 
the Kimura-term from tlie Japanese astronomer who suggested, its 
introduction denotes that part of the variation which is common to 
all the stations, corrcspionding to an apparent movement of the center 
of gravity of the earth toward one or the other pole- The results 
from the’northern stations have revealed the interesting fad that the 
value of s is periodic, with a period of one year, reaching Us stero 
values about March 1) and September 12, and its maximum and 
mmimum values on Jnm 10 and December 10, these points wming, 
then, about 10 days lieforo the solstitial points. The preliminary 
results fn»m the southern stations (ximctde almost exactly with those 
from die nortliem .stations W'ifh resjwct to the magnitudes of and y, 
and show, in addition, that tbo value of the s-term is of the same 
magnitude and algebraic sign as that derived from the northern re¬ 
sults. This c-term is very small, oscillating only O/'OW on each side 
of the mean, which, if real, would correspond to a movement of the 
center of gravity of the earth of about feet toward the North or 
tlie 5%outh Pole. The temptation is very strong to seek a meteoro- 
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logical espJAiiatioii for this small shift of the plane of the Equator. 
The uccumolation of snow and iit one pole, together with tlie I'or- 
responding diminution at the otlier pole, due to the meltiiig in the 
summer season, wonld be perhaps suflieient to explain the shifty but 
if this were tlie true and only explanation, it is difficult to see why 
the maxima and miiums iln not follow the Boltjtitial points hy a con- 
2 ^’iderahle interval of instead of preceding thrni by about 10 

days.* Moreover, the quantities involvcil are so e.^tremely minute, 
such transcendental care is necc-^ry in arranging nnd making the 
observations, and audi iiaios to eschide in the investigation all pos¬ 
sible sources of sj'steaintic error, ihut astrounmers are by no means 
in Liecojxl as to the real existence of the s-tenn. Bis^ke hiis shown that 
a variation similar to that afforded by the s-term could arise as a 
result of inaceuracie^ in the adopted value of ilie ao^ar nututionn, and 
that future progre^ve changes in this vahie could re^fult from 
^iniihir slight errors in the adopted value of the hmar nutation. 
Quite recently Prof. Hiroynma, of Tokiot has subjected the results 
of the first four years of the latitude variation results to a careful 
analysis, and reachwl tlie conclusion that the ^i-term is probably a 
result of errors which may Ije classified as instrumental. He did 
not include in his researches liowcverT the results from the southern 
stationH. 

Probably no more markcfl case of modern specialisation in the 
iscience of astronomy, no more fitting example of minute and careful 
analysis, nor any la^tter illustration of the mutual mtertleiKmdeiice 
of fields of investigation apparently widely separated, can be found 
than this same s-ubjeci of the variation of latitude. Long sine®, 
Euler, from purely mathemutical consideratious with regard to a 
rotating spheroid, showed that the axis of the earth should sub¬ 
ject to a minute oscillation, with a periotl of H05 days. In lBfVti^-01 
Prof. Knstner announced that this prwliction had iwen confirmed by 
oL«t'rvation, but that the pencHl was about days* So minute is 
the movemeut that I he poles sliift from their n^eau position by less 
than :J0 feet. Eight special observatories have been establislied. sis 
in tlie Xorthern Hemisphere and two in the Sonthem, and experi¬ 
enced oijservers are carefully accumulating the observations for the 
further study of this v.^riatiori. determining from observations of 
the fitiir^ a ptTiodic movement of the positions of tlic poles of the 
eaiih only a little greater than the distance from one wall of their 
sinall oljservatories to the othet^ and even showing, with some prob¬ 
ability* that the earth's center of gravitv oscillates once a year a dis¬ 
tance of only a little over 4 feet toward one pole or the other. From 
the.^ results Darwin, Hough, L^rmor, and others have undertaken 
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i]w. invvsiij^ation of the cl^^fe^^n<?e l>eUvoi>n the observed i>eriod of '12T 
days aiiil tl^nt of 30a calloj for by theoiy. findmf^ ibe explanation 
in the slight yielding of the eartlu liftTe dedured the rrsnlt lhai 
the e^irtli m a whole must |io6ses3 nn effective rigidity a little gni^t*** 
than that of steel* Tn confinnalion of these results* tidal sUideiits 
hove found evidences, tliongli vi'iy slight^ of a miuute tide with a 
IHwiod of 430 days- And in still nnrKJier field thcf^e restihs may 
pcii^ibly prove of iiit^fesL No less an authority on cnrtlKjuakes than 
Prof> Milne has expressed the oidoion that earihijnakes are more 
fivt|iient al tho*ie nptK.'liiv when the axis of the earth w farthest fi'oni 
its iiieaii position* though this theory is not accepted by most seis- 
rnologL&tiSL 

In the wdde field of stdlar photometry a veiy large proportion 
of onr knowledge of the riouthcrn stars comes from the remits of 
the Harvard photometric expeditions and particularly from its sta¬ 
tion at ArtK|LiifMi. Pert]* Through the visual results secured at Oir- 
doba^ the pbotographic magnitudes as given by the Gape Photo¬ 
graphic Diirchmnstcriitig and the long sei'ica of exact visiiiil 
estimations macle w iUi the meridian photometer at Are<[uipa* we may 
say that., except in certain special studies on the fainter sinr^ the 
state of mir kiiowdedge of the roJutive brilliancy of the stars of the 
Southern riemisphcre is not Inferior to that of the Northern 
ITemisphere. 

Frtjui Ibis slaiion^ too, has come far the larg^t proportion of 
what is known to-day ivith reference to the variable stars in the 
more southerly regions of ibcsky. Fpodi making in this branch is 
the digeovety by i*rah Bailey of a very large tiumbcr of variable 
st 4 ir 5 iu duster?^ The Itagellanic Clouds and other clusters in the 
Southern Hemispliere have nlonc given about ^,000 new variable 
stars; the determinatiDU of the periods of alJ these and the study of 
the peculiarities in their variation will in itself furnish work for 
manv years to come. Much rco^ains to be done as well on the 
brighter variahle -'?iars of the Southeru Hemispherep 

Through the excellent work at Arcquipan, also» Harvard s exten- 
ttive specLogtflpbic surveys have been extended to the South Polo* 
Wiilc il is certain that future studies with spectrographs of higlier 
dispersion will bring forth many new facts with re^rd to stellar 
constitntion. there is no doubt tliat Harvard's extensive surveys of 
the entire sky in the photometrie and spcNCitrographic fields will for 
decades be to the n^rophysidst what the Bonn Durchmustemiig has 
been to tlie worker in the astronomy of position. 

As in the sum^eys just mentioned. Hip spectrograph was at first 
em[>lDycd solely to determine the constituent elcmenfe of the sun and 
the starsj but the npp I Sedition of the Doppler-FiKeaii principle to 
the detprmination of a star's velocity in the line of siglit from Us 


AflTKONOiatCAlj PKOBLEMS^—£IL*flTl&. 


337 


fTpectnim hii-s opeitod up to lu^tronomy a fieUl so vitst thut ^.t\vi:ely 
diitt'' to-<lji_v even, tft deninrk Us bt>iindaries, I'^ew are tho fieUls of 
HE^tTonomioi] ^^^^rch where the work in rartbl velocities is not 
making itself felt, and to-day wo are funiishetl witti tlw? intorosting 
spectacle of the oldest, astronomy of position and the newer n^stnsn- 
omy of the s[ 3 ectriiiii drawing clfiscr and closer together for the 
solution problems of sidereni i>lrutitiire. In order to doterniVne 
the motion of our ^^nn through space tnatiy amdyses have been made 
of the miniite propter tnolions of the stars across our line of vision, 
but nil sudt deteriuinations are Kubjeet to some imwrtainty IwL^nse 
of the fact that tlie true disUncea of the stars whose pro[?er motions 
are u&ed in the analyses are. in general,, very imf>erfectly known. 
On the other hand, the spectrograph gives us the velocity of a star in 
the line of sightj a velocity which^ in stars posseesing gwd si>ectral 
is Jicuuraie within a few tent Its of a kilometer ptT second, and 
which is entirely inde|jendent of the fllstance of the star from oiir 
system. For tills ruascai It should lie possible to determine from 
tJie radial vrlodties^ of a considerable nuniber of stars well dis¬ 
tributed over the eotiiv sky a ninth more acenmte value of the amount 
and the dir<!Ction of the mo^'cmetit of the solar system through spaA'P^ 

For a complete solution of this problem, ut whicli Dr. Campbell 
aofl his ns^TfUclates have been working during tlie past 15 years, it was 
necieisary that mdial velocities be secured for die stars in the Houtli- 
em Hcmij^phcre. This need was laid before ilr. D. O. Mills, who, in 
lOO'i, generously gave the funds neccsssary for the installation on 
Mount Cri^dbal^ Santiago, Chile^ of a 3i”-indi reflecting tele- 
siaipe with tlie necessary spectrographic equipment* and*in I^H)5 ad- 
vanced further fnnda to ccintinue the southern work for five yenni 
longer. A further extension of the work for two yeiinif has been made 
]ji>ssibie through funds Fntpplied by Mr. Ogden Milk son of the late 
D. O, ilills. 

Up to dote about 7S&0 epedrograuis have been taken at Mount 
Hamilton and 3.T00 by the D. O. Mills cxpeclition at Santiago, on 
nearh" 1,400 stars. The northern portion of the program is nearly 
cofn|detecl, and two years loc^re should seo the southern portions of 
the work le^ntially finished, ihough decades could well be used in 
investigating the *-by-productswhich have appearwl in the course 
of the work, ami other decades for the Touch-nccijcd extension of 
these i-eseorches to fainter stars* To give one iriijtance only, at tlie 
Santiftgc* statiem alone 4S ^spectroscopic binaries have been annoiiuced 
up to MuVt 11)00, nnd to work up these binary systems adequately 
and compute their orbita wmulJ necessitate at least three years" w ork. 
One in every five or six of the northern stars examined has proved to 
bo a binarTj and nearly one in five of th© stara ob^jcrved by Prof. 

SM 1010 - 


.22 


338 A.KSUA1. SMlT-llSONMN INSTITUHON, mO, 

Wright during tb& first two yenns unii ti half of ihf? wurk of the D. O* 
A (lib expedition. Tlie dL^ovtijy of so many spectit^jwpic binarif^f* 
has greatly complicated the problem of detenulmug the solar mo- 
Lion; iiLOrtiOverj bscveral oilier complexities of lute lueen odjed to 
tlio finwlyi^is of the results. Recent inv(?sti"iilinn& of tlio proper mo¬ 
tions of the stsTH nijide by KaptejiK Kddiiigton^ Dyson, Schwai'iss- 
child, and olliers, ljuve sliuwti that our univei'se is probiibLy complex 
rather thau homogeneous in respect lo its structure^ for then* seem 
to tie at least two fairly well marked dimdions of motions among the 
stars as n wliole.^ JloreoTer. Monck and Knpteyn Imre pointed out 
that II considerable rJiajonly of stars possessing marked proper mo¬ 
tions belong to those -six^ctral tyjies which show numerous lines of va¬ 
rious elements* ^vhSle the hyrlmgen anti licHuni stars are relati^'cly 
fixed in «paee. In coimeclion with these facts a further complexity* is 
bruiiglil in on tliu sfiectroscopie side through tho unfortunate circum- 
sLani'C ttiat it is not possible to derive aociirate velocities for many of 
the hydrogen and helium ^itarrs iM'cjinsr of the wide and Ini^y char¬ 
acter of their spectral lines. A gimple solution will then perlia|Ki be 
insufiicient, on the assumption that all the velocities arrange them¬ 
selves according to the prohabillty curve; it would secni that a 
factor^' conclusion can only be reached by a very carefid combi na¬ 
tion of spectrogrnphic rt^iilts with due regard to all that the astron¬ 
omy of position can give us wdth reference to “siBr-drifl,”' proper 
niiiiiimH* and va rial ion of proper motion with typo of spectrum. 

Work on the determination of radial veluoLties bus recently been 
inmigurattd at ihe ObHurvatory of tlie Ca[X! of Good llofM':, so that 
Ihe^ two ob^rvatoriess, tbat at the Cape^ and the D. O. Mills exfjeiii- 
fioD, Iinve to tlietiisidves this rich and still only partly explored fields 
’whilo in the Northern Hemisphere some 10 observatories sre at w ork 
cm problems more nr less allied to the detorniination of radial 
velocities* 

In figure I are ^lown the locations of llm principal observatories 
of the world ? ihe cut U that given by Stroobant in Ije^^ Oliservatoires 
AsiTt)iiniriir|iies cl les Astroiiomes, Bruxclle;:?^ liKlT^ with the iiddition 
of a few' recently e^tatilidietl staiiojis* The map t^hows, better than 
any description or tabijlatjon. the overwhelming disproportion in the 
miuibcr of astronomical foundatiotm in the Northern and Southern 
Hemisphereii. 

Siifficir'rit has Vieeu said to point out the great rielmess of Ihe skies 
of the Southern ITemisphere as a field for the working astronomer, 
and note has Ih^cu made of smne of the lini?ti of work in which there 
nre great untoucheil n^gions awaiting the explnrc-r. Numerous other 
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uww tliff bfSjGhtrr alri? tMl IIuIa mfiinirt the two^atUt bjrpothrwli,^ 

iLCTUOKj^ 0, mu* 






A33TRO>;OM^!C.\I, PROBLEilS-LUJaTlS. 


339 



Ptirtr^butloQ of ihn ^Kdchdlpal ob«rriltod9< of tho worlds 

































































































340 KEPOaT amTiISOXIA2f INEnTUTTONt IJJW- 

points in which there is n™l iov work in ^onthem skies could cusily 
be [>oijiied[ oiit. Much work still remains to be done by those who 
ore not possessed of powerful in-dniiaents ia the sliidy of tho brighter 
variable and tIlelet^r nidi ants. Exedlent photo^^raphs have 1>eeii 
made with the Bruce refractor at Aretjuipa^ but the field of southern 
nebular photogniphy with reflecting telescopes is almost niitouchcd 
as yetj and tliere is tio tiiore urgent need for the astronomy of 
tlie Southern Hemisplicre than the catAhlishiuent of a hitge re¬ 
flector to continue for the southern skies the work done by Koberts, 
Keeler^ PerrineT and others on the northern nebulic and clusters, far 
the study of faint variable starsT for parallax investigations, and 
many other allied lines^ of rei?earch. A program of nebular photog¬ 
raphy has been innugurated with the new reflector at Helwan, Egypt; 
its sow them limits however, wil! extend only to —40"^, The day 
must comet also^ when there shall be established at some fsvonihle 
point in the Southern Hemhiphere a large solar ohservaiory to carry 
on ^olar studies and investigatioiuf of tfie sun^s constant of heat in 
the southern summer season^ thus supplementing the work of the 
norlhem solar observatories. 

Above all, so few are the workers in this southern field compared 
witli the men and the iivstniments attacking the problems of the 
northern skies, that some scheme of cooporatiim among southern 
observatories seems uiiperative, each one to devote its attention to 
some one line of w^ork or some definite ^ono- Pref. Cooke^ of Perth, 
1 1 as recently pointed out the dtsadvantage^^ arising from senttered 
jind unsystematic obsen-ations in meridian circle work, and has 
annonne^ that for the future all the efforts of Perth Observatory 
in determining stellar posit ions will be concent re led upon the xom 
froni south dedination 31® to 41*. Some such plun of cooperetion 
anil delimitation seems essential for the future progress of as¬ 
tronomy, and more pariictikrly for tJie astronomy of the Southern 
Hemisphere; os Prof. Kapteyn has pointed out, the scope of this 
sciimii^e to-day^ with its millions of Lsolnted units demanding studj^ 
is too vast for the combined efforts of all the oljservatories of the 
world, and hft has accord iiigly suggei'ted tlie well-know^n plan of 
timiting future studies tu certain relatively small “selected areas*’* 
a plan which pn;imiy.es to be the best methotl of extending our 
finite knowledge in a realm tiiat is practically infinite^ 


THK PRCKJKESSIVE DISCI.OSURE OF TItE EMTIBE 
ATMOSPHERE OF THE SCX.’ 

[Wltli -I 


By Or. H. DESuJnjsFB, .Ucmhre de Vlntlilut, 


TImj stin. to w’liicK this conference is devoterP is u superh subjwt 
for study. Everyone roali/es more or Jtiss elenrly that the destinies 
of our earth are closely bound with those of the sun, and so we ouglit 
to know its real nature, its total radiation, its variations—'in a wo^t 
its precise and complete action upon our globe. Face to face witii 
the sun, our dependence upon it is ahsolute, and was recently sum- 
iiinrizcd tersely by one of our French statesmen, now minister of 
dnaiice, from whom I had asked a special appropriation for solar 
reeearches at the Obsenatoiy of Meudoii, wlicre T am director. At 
first he refused, alleging the continuous incrctise in the public dis¬ 
bursements. Then, as I insisted, he said, "Yea; you are right; the 
sun ia master of us all; we must do something.” And so the Ob- 
sen'atory at hfeudon was enabled to add to its ordinaiy means an 
amount,* truly very small, but which came opportunely and aided 
greatly in the prosecution of researches the results of which I now 
presient to you. 

The study of the sun to-doy rHjuim a costly installation, compli¬ 
cated apparatus, and a personnel specially apt in phydcal os well as 
in astronomical ohserrations. Since tim sun lights the entire globe 
and ripens all our crops, it seems but natural that every man shcHiId 
ilirwt his energies to the study of the sun. And with this in mind T 
proposed, some years since, to tlie Astronomical Society of France, 
that there be enacted a 9 ])ccial and universal ta.\, only one cent per 
capita, for the study of the sun. This would have assured u oontinii- 
oiHS record of tlie sun and its changes not yet realized and, occonl- 
ingly, a more profound knowledge of this star, lint as our taacs ar« 

* In yiwacf) n tbr Royal inutltatliin ol Omt Britain oa Frill*j. 
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cDnsturiily jiicrcasiug, tJuB um‘, though ver>’ tiuiiill iiud just, wiU proh- 
ubly be set asid^, StiJl, it must Iko s&id, ei till seed Jiiiin of to-day, mid 
lie of the city GspcdiiUy, thitiLs little about the itun ^ Uc notices it less 
thuti primitive ninn tmd the sftvagf» who had neither watch nor uhiiii- 
iiac. The carrying out of my idea must be reserved for future citi- 
sens and for a social state more perfect than our own. 

This recourse to the Government or to associations of men is a 
F rench ciLstom. It would be better to proceed ns the English do, 
and appeal to private support, to the initiative of enlightened, gen¬ 
erous individuals. In this w'ay the It oval Iiuditutioii was founded 
which has seen mature so many beautiful discoveries and wt many 
illiistrious scientisU, This good example should be followed hy all. 
We know how Hbej'idly it has been followed in jVmerica, where the 
greatest oliserralories and especially those devoted to the study of 
the sun have been due to private mniiificenoc. 

Indeed, during the la.«t 50 years, thunks to great discoveries, ihunks 
to the support of our GovemmenfM und private patrons^ tiie study of 
the sun hag made remarkable progiess. Little by little, ostroiiomcTS 
liavo develojKHl for it u xeulous and permanent organization, arid 
have extended tlieir study to tlie entire and bitlierto inaccessible 
ntnitispheru of this star. 

The principal discoveiy was the periodic variations of the sun 
spnts^ varitttifiiis which are also undergone by the brilliant faciilie 
of the surface and, indeed, by all of Its far-extending atmosphere. 
The sun in its entirety undergoes a great periodic variation; and 
what Is yet moro interesting, this variation extends to the earth and 
aJfecls its magnetic etciuents. 

This coniu?cUon of solar phehomena with the earth is of capital 
importance. It implies almost necessarily a novel, special action 
exercised by tho siin ui>on our globe; whence comes the priicticul pop¬ 
ularity whidi solar research now^ enjoys. Following the discovery 
by Sabine and Lamont of the coincidence between the earth's jjing- 
nelic variation and the variation of the sun, tho English have given 
very great attention to tho study of sun spots; and they were tho 
first to establish the photographic registration of the spots und the 
magnetic elements at various places on the earth. The collection of 
oil tliese rctfonls in one observatory, where tliey were accurately 
compared, followed. The works of Ellis and Hlaunder relative to 
I hew discoveries are well known. In this connection it is fitting to 
mention the Cfiseardies of Ixickyer and Schuster, who have recently 
noted variations of the spots in periods greater and smaller than 
tho principal cjxlc of 11 years. 

The action produced upon the earth by the sun is generally at¬ 
tributed to the sun spots, bm it may ok well have its cause m tho 
folar atmosphere, which undergoes the aatne variation; whence oohhh 
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the Jiewssity of studying und exntidiiJtig this with cnFe. hor 
nearly 2t> years 1 have studied the entire utiuospliere of the sun, and 
to-daV I place before you the most recent results which hate been 
brought to light relative to the upper layers of the solar envelope 
until recently Hnetploreil. 

1, Titu ATMOSmEBE KKUX DURIMJ BCLITSES THE EXTEBUIR EIiOE 

OF TiiK 

The atmosphere of the suii is first revealed to man about the edge 
of the disk during totiil eclipsesH It then forms a lutnmous ring 
that htands out from tim now dark background of the sky BurroiHid- 
ing the lunar tlisk, equally black. Stretching out beyond the moon 
and the solar edge, it consists of two distinct portions: One, the 
narrow, brilliant, rose-colored chromosphere, with its prominences, 
also rose colored; the other, the fainter and more extensive corona. 
In what immediately follows we shall eonaider especially the ciiromo- 
sphere and the prominences. This luminous ring, visible at edijises, 
is ordinarily hidden by the much more brilliant illumination of 
our sky. The screen which masks it is luminous; in order to annul 
this screen the English astronomer, Sir Jfonnan Lockj-er, in 1BG6, 
was among the first to have recourse to the spectrum, supposing what 
FMjned prdiahle, tliat the solar atmosphere is gaseous. This was 
one of those strokes of genius that have since become so fruitfiiL 

Tlie eclijise of iStiS showed, indeed, tliat the rose-colored premi- 
nenccss are composed almost wholly of incttJidescent hydrogien which, 
under the influence of the electric spark, emits radiations already 
well known In the laixtratory, and especially an iiitense red ray, 
designated as llo. After the eclipse, Janssen in the Indies and 
Tjockyor in England rt^jiscovered tlic chrmnosphere .und prominences 
of die eclipse with the assistance of the spectroscope and this bright 
red line. This residt was justly received with enthusiasm, for this 
nietlmd, at once simple and fertile, has now been employed for 40 
j-ears in daily observations of the chromosphere and the positions 
ond forms of the prominences. This study is even more captivst- 
ing than that of tlie spots, for the prominences have the most varied 
and rapidly changing forms. They appear at dl latitudes and 
follow the Mine 11-year period as the spots, although it is true the 
duration of tiic maximum is longer. 

The sjjectroHccipic Ft inly of the solar border, carried on at ordi¬ 
nary times or, still Iwtter, at eclipses, has brought us knowledge not 
only of the chemical composition of the chrmnosphere, but also the 
minimum height to which each vapor extends as estimated by the 
length of the (ttrrispoiiding line in the spcctnim. 

Speaking generally, vapors of low atomic welglvt rise to the 
gieali^i helots; such is the ease with iiydrugpu and helium. With 
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these the iH>Gctrum line which indicates the gmitest height is 
the red one, Ila, of hydrogen j die other lines of tiyrtrogen sliow 
lesser heights and diminish in brightni?iis fnim the red to the violet 
end of the spectrum. But reaching to tJie greuleitt heigliti^ of all me 
the gasses corresponding to tin? verj* brilliant violet II and Kj 
which are emitted by the conipoutids of ctilciiim. As the atomic 
weight ant] density of calciuni vapor are relatively great, this seemi^ 
fitrange; it is eii>:iiy eEphiinetlf liowever, following the siiggesdoti of 
Loc'k^'cr, by the db^^iation of eakium in ihe sun ajid in the electric 
spark in oiir laboratory. The IT and K Hnes, in all resfjects excep¬ 
tional^ are ven^ bright at the solar edge, assuring the ensy photo¬ 
graphing of the pniruincncesi whb ortlinary photographic plales; 

On the other hiuid^ the heavy vapors which are moch more numer¬ 
ous extend up but a short distance into the atmosphere and are not 
easily seen except at eclipses, Tliey form the lower, relatively very 
brilliant layer of the chromoaphere, called the reveraiug layer- 



dflrli K llti*-. CTM-brntchied PKticjnii [mh^Uuiu of th^ HJIti of Lb# dUferi^pt 

a. TiJE cuiiosiosniiEHE rBOJncma> ox Tii^ htsk—tije aveil4oe L.\YEit. 

Such are the principal results obtained by tlie method of Lca^kyer 
and Janssen. They are truly wonderful, but in certain respects in- 
complete. They tell ns only of tlmt part of the chroinoephere ex¬ 
terior to ihe efige of the solar disk and even there only aV>oiit the 
lighter vapcirs ut some distance fniin the limb The part within the 
cflge, 1 projected upon tlie disk, and lift_v times more extended in nrrai, 
chided our viaiom But, since from 1611^2 to IS'SM, even this gap [u 
oiir knowledge luis been covered by an al^solutely general metiicxi 
which reACftlfi all the vapors^ both heavy and ligiit, and their 
resslve layers in the entire hemi^spherc turned toward the ear Lin 

Al the border of the sun the lines due to these vapors stand out 
bright uia>n the coiitmuoiis s|>ectrum of the sky^ on the disk they 
appear dark, and the oontmntius^Bpectrum which then servea sis dieir 
liackgrouiid b that of the sun itself which b much more brilliant, 
jm that the difficulty of seeing these lines ia far greater. 
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That tlic 11 mid K lines of calcium ure im exception to this rul« 
was annouJK’ed sijiJiiUntitioiJsJy in February, 1892^ by Hale fmd Deaf* 
liindre^ These dark Jines are very broad, indeed the broadest in the 
solnr ±ijJt«ctrnms but wherever on the solar siirface there is a fiiciiln, 
they are reversal; in other words, there appears a bright line through 
the renter of tiie broad dark Jine, and this bright line v» itself double 
and stand^^ out therefore m die lines of the prominenceji do outside 
trf the lijub^ (Sre fig^ 1, wliicli shows the K line and ite components 

Tliis result was oblaine^l hy Hide with the spcctrohellograph, a 
iiew^ ^mewhai LX>iiip)ex contrivance thin isolates a eertaiii nidiation 
with li BeccNEul slit an<I by llie murciuent of liie fir^ slit over the sun^s 
iiuage fnniiuhos a niouochrouiabc image of tho sun. 1, myself, have 



Ft:4. a—HBchemiitlcI hb, uetloD of tbe mm mad? tbit tilt &f Ih? i|>Ktrn4)cCHpfl t 

and Ui^ *p€n very laucb enlanfTM] l brfsbt Ki lLnp+ Oie 

cdlclam vatwr und whlct Itt Ih? mliliile af tbe bread dark K liap of the ordinary 

spectrum; It la illitfk- anil mbtitv Kp^ila titd a I upp#r level i>l tbe cbroEDiHfiliFri! 

Ba4 dffliblri At aUiBV ItvId^ Ibrh Into lwo imrU by tba dark can ml K| 

employed an oixlinarv^ simple &pectri>?icope giving sure'essive sections* 
tliotigh fully recognizing the nws of thi^ ypcctrolieHograpli, 

Meanwdiile iliese two ob«ervei*s went at variance upon an inipor- 
tail! fxiint. Hale plnml these vapors thus revealed in the facuk 
itself, lielow the surf are, while I placed thGm+ on the Lxjntrary, above 
ill the atmosphere. The ordinal^" sjicctroscope fumislies all tJie data 
necessary for the solution of this qnestioiK Areordingly, in this re^ 
sj>ect it is superior to the speclroheliograph* 
llie clonble K. line is bright not only over the faculte but at all 
other i>omts over ilie dbk wdicfo it is prteient—weaker, it is true, 
and more difficult to detect. The briglit* double K* line is always 
s]iari> juBt within tlio limb, and is prolonged beyond the edge of the 
disk as a double!, bright line. (See fig. which ahow'w pSninly the 
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nppcanince of the double line iit the border of the s\m well 
tis over n spot,) 

Since the K. linct exterior to the 11 mb of the snn, cormspomls to 
jusl whtit wo huve aetuiilly Johnixl us the cliromosphore^ tlicti we 
must include: The pJioto^'Tupli of the sun tnkm with the line 
with the siieetroheliogrniph represents the w'hole solar ohfomospliere 
priijeeted on the liisk. 

Besides these inuiges of culrium nmde in Paris in ISfHj which vvero 
the tirst exact images of this vupor^ show the bright regime of fuculie 
larger than on the ordinary photogmph of the s nr face, ns wdl as? 
smidler briglit regions now culled floeculi* fl<K?ciili tire pres¬ 

ent at the pole as well as at the eipmtor. I have t^onfirnied their 
presence at the pole during the yeiii^ of a sunspot mininmin as well 
us during the wJjole 11-year period* 

The bright line renuiiiis double beyond the edge for some 
or 5^' of are, and iia the diromospherei at ilie edge has a height of 
ItK'* we may say thiit our photogruph represents ihe niean chro¬ 
mosphere* 

Fimdly, while the first spectroheliograplis were obtained in 
America^ in France was disjtrovered for the first time the whole chro¬ 
mosphere of the sun. 

a. ix>wt:a CintoMOdSPifERiL 

But w’e may proceed still further. Tii 1833^ I stated that this 
isolation with the spectrohcliogruph of an orditiurj^ dark Hue pro- 
diici'd nn imaj^ of the corres[x>nding vapor; and in 18D4,1 isolated^ 
with a Hiiiull spectroheliogTiiiph of low dii^pension ct>nstructed at 
Paris* tlw fading edges of the K Itne railed and K^v ^nd the 
neighboring strongest rlark tines due to ulnminiim, to iron and to 
carbon. The spinetroheliognim obtained iliffered froni those taken 
with the Kj line. The spots, at times hidden in the K, image* have 
here dieir umbne and |)enumbrie perfectly sharp and tlio regions of 
faculto both at the edge and at the center thougli less cstensivo 
than in the image* Iiulecii. this new image is intermediate be¬ 
tween tliBt of the surface and that of the mean chromospheric layer 
aa shown by the K, photograph* It gives u pictim* of the entire 
reversing layer now obtained for the first tiriio. 

T showed* ahwj, thnt si atill greater dis|>er@ion would allow the iso¬ 
lation of the much more nunieroiis finer linesH, and enpeciallv the 
narrow black central between the two components of K,* The 
K* line corresponds to the upper layer of the chroinosphereJ Tliis 
methcHl becomes thus sibsoUitely general; it will ftiiTiish views of 
ull the solar va£K>rs indicntitig as well the sncceasive si]|)er|io£{!ed 
&=trata whenever the s pert nun lines can l>e divided into distinct parts 
ns in the case of the broad K line. 
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Xow, the niiml>Br of solar Uiieis simounts tu ^me 20,000; and ac¬ 
cord iiifr to Jewelh 111! the solor linr^ ^low more or le^ the special 
charttcteristics of the typical line of cruleiiim. The new field open 
to investigation b evidentlj' very broad. 

•4-+ -ftfct^KNT -A OBKAT l^pnOTSfmELIOQRAPn OF NEW TiTT^ 

The presgram of reseatchca laid out in 18£H was accordingly very 
extensive. It wd^ carriisd out in part during the following years^ 
and the actual progress was rnarked^ if not veiy rapid. 

In 1J>03 Hale and Ellerinariii took up the study in the hhick lines 
with a s|iectriohcliograph of greater di&peision^ and after con- 

t limed tlie work at Mount tVilson with yet more powerful instru¬ 
ments. They have obtained beautiful pictures and a whole series of 
facts. With tlie Lines of the revering layer the results ure 
practically the siiiue as those obtained in IStU. But the hydrogen 
lines, and recently the II 4 line eapeciallys have sliowii new and very 
curious phenomeiirt, which we will de^ribe in detail sliortly. 

How ever, the dispersaou employed hm lieen oidy moderate; thuiiglL 
they have isolated a nitieh greater number of lines than in 1894^ the 
finer lines have not been used; and indeed in each ease they have 
used the entire lines, making no <listinction of the separate portions 
find therefore of l!ie separate layers of the vapors. Their irnagi^ 
liave resulted from the mixture of the several distinct ones due to the 
several layers. 

1 assumed the task of filling this gap and thus completing the 
program of isolating the upper strata hiUKrto iinrevealecl. 

Becoming director of the Observatory of IHeildnn in 1907^ I wajri able 
to apply to this task the resources of the ol>servatory, and hiu-e the 
special grant already tneutioned proved very of>[KirtunCp In slintt, 
it became possible to construct a great speetrohcliograph having a 
disi>ersion as great as that of ilowlandk large spectrograph and a 
special building for Its protectiaU+ 

This building cotisLsted of a large charnlierj ^ nieters by fJ meters ; 
its roof of stone and earth, assuring the cou>:taucy of the tern- 
pcrature within. It ret.'eived the Uglil from tlie tjun by wiiy of a 
coelostnt placed south nf the building, and constntrted from some 
old transit-of-Venus ap[xtratus ami an old objective of tl.So meter 
aperture and 4 meters focus. These pieces, though mediocre,, wens 
usctl for the sake of economy. The sp<!Ctrohdiognipht on the otiier 
hand, was of a novel tyiie and presents Several interesting features. 
It is somewhat complicated, at least in design, for it rtmlly consbrts 
of four ditlereiit spcctrobeiiograplis group^ iilwjnl the same colli¬ 
mator. The first h of three prisms, two slits and a camera 3 meters 
long, giving an image of the sun 85 niillimctei^ in iliaiiieter; the 
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&eeond us&i a gTflting^ two 34itsi micl a caniemi of the siime longtli 
as the fii^; the third has an urrangenient differirif^ from the two 
preceding; ljnallj,% the fourth* the jnost pow(±rftih has three wlits 
mid prisms and grating. It consisls first of a sj^eotrograph having 
El f!an>f!ra of 7 meters, and, as in tlio classioal appiiratus of liowinnd, 
allrms the isolution of (iiie Unes. But its ordirmi^ solar image 
ii'Diild rwpllre too long an espowin^ It is therefore, receiveil by a 
sfieond spectrogntph uvliich rcdiicesit lo Ihe desired size and eliniiilnles 
the diffused interior light The fiiml image of the sun b of any di¬ 
ameter desired; and by means of ii speojiLl contrivance it shows the 
cnHrc solar disk, a condition not fulfilled in other spcctrrjhelio- 
graphs of great dinporsmn. The custonmry diameters of the sun‘S 
images are G and 4 centimeters. 

This rtppnnitiiSf witli Uio two spectrographst a total length of 
14 meters, and under Uiese conditions siationary* It i% indeed, 
the first gpectroheliograph in which aU the parts except the photo- 
graphic plate remain at rest, Tlie movable partyT the plate sind the 
u^trfmoniical objective, are put in motion at the iltsirctl nitc by 
synchrtjnous electric motors and tninsfonners for special sp€M?di 

The agreement of the movements is aasfured by electricfil loefins, 
which do not depend tipou distance, and thb arrangement b pre¬ 
sented MS a gCJieial solution of the spectroUcHographic prolilrin. 
Each of the four spcctrolieliographs has ita spccinl advantages, and 
the passage from one to another may made in a few momenL^* 
The ol>server has tlius at his disposal varied means for hia investi¬ 
gations. In a g^uieral manner the spectroheliograph of two slits and 
a length of 3 mclera has a large itnage^ rich in dctaiL The tbree- 
slit speetroheliograph of 11 nietel^ ^ longer exposure* a 

smaller image, biii one much more pure (that is, more monochro¬ 
matic) ; it allows tlie isolation of the finest lines. 

Tlie researches with thb apparatus have [>een made by a young 
nstronumer of this olM^rvator>\ M. tfArjinibiija, wboBe name is 
a^sodate^l with mine* 

5 > nm iMSCtosviiE or the vittek or r.\i.cTL*3r. 

In iD08 we were able to isolate the narrow dark central Ime^ K,* of 
eakiuui, and therefore tlie upper stratum of that vapor. Figure 1, 
wliidi diows the K line and its componen(-N will inditete the progress 
accompliahed* Until now the hpisitrolieliograph used had j^late^l 
the ensemble of the two bright lines (K,), which include the 
Blit wdth was th™ nimrt.y oiw-bundruiltlis The resulting 

called by us the K-, itiingi*, was a couipustte nf the luyers 
and K„ the much brighter K, layer pf'-‘domiiialiiig. Xow with the 
grunt apectrolicliogr^iph we are able to isolate easily with Blits of 
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Fm- 3,—or naitd Id ib^ iafi|Wf U^er of tl» solir atmoffptim. Tbs 

fnll 4Atk men coETHpciDd to lfa« coDtlnDODi* tnd VtrOf cpl|^ ; 

tJift dlucoatlDumiS !r*«?ii lo the vlmllAf llu^ thaiaj{h Im »l«fp Uii] ib-O dutled llB« to 
HajMc BtEII IWH lisrltjle oBd oftflD tonakrai. ThB liattbfld pliM m the IfliFcr regtonB of 
hrJ^ht ticnlflL 

As VC rise above the surface of the sud the facrule, or bright 
regions, grow progressively in extent and relative brightness. The 
nvenige-aiwsd flocculi increase, although the sinaU ones disappear 
or hcoomc scaioely visible. Tliere results a certain aspect of the 
K, layer which at once distinguishes it from the K, layer photo* 
graphed in 1892. (See the two spectrohcli<^rBtns in K, and K. of 
the 18th of September, 1008.) I would also adil that the peculiar 
network (reseau) of docculi, called by we in 18M the chromospheric 
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three cait-hundnsitlis AngstrOm or greater either the K, line or one 
of the componcuts of K„ thus obtaining very pure images of each 
eon-esimnding stratum free from all extraneous light. The corre¬ 
sponding slit widths are crosshatched in section in figure 1. 

The vapor of cBlcimn, which lieyond the Umb rises higher 
other vapors, thus shows us three distinct strata, and if to 
iidd the ordinary surface of Uie sun we have four layers whidi 
lnt€!resting to eampare^ 
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res^aUj luifl fcjjTiied o^rer n. ci:imid«nibk area* composed of 

pol3fgon3 toucLiJUj^ eiicli otlii?r iit their sidto unci trornci'^', \h in genurtkl 
Hiorts distinct in the upper layer. 

On the other h^md^ the biack spots w!nch are the principal char¬ 
acteristic of the surfaco cUmitLish pnigre^i’i'^ly as wo go above the 
siirfaco and often disappear^ 

Yet, further^ there appear dark linea not seen in the lower lajersj 
Hnes often very long and called by mo filaments. Generally the lila¬ 
ments have e,^ti^nsions from eiieh side reiidiiiig to the limb neitiier 
so dark nor so sbarpt whidi I cull “alignnients.^^ The ensemble of 
filaments; and nlignjiients form a definite network over the solar disk. 
iMiey are a new phenomenon eba racieristie of the upper layer. Here 
the filaments^ have the same importimee as the sjiot at the surfjice. 
They fiersist^^ like them, during several rotations, and like them also 
are the sen is of special disturbances which are accompanied by 
prominenccfL 

0, TOE niitcr^»sL:aE nr the I'ri'ER lay^h of iirD»otJiiN\ 

In my first stmlif^ I likened the spots to depressions (“ lows*^) 
nr tydonj's in our atmCK^phen? auid the filaments to anticyclones 
I will romo buck later to ihLs comparison, which I will develop. 

During the following year we (d^Aaambuja and I) used this 
same apparatus in the study of the hydrogen lines, and especially the 
the red IL. IJale and Ellermann had already isolated these lines 
with the spectrohelic^traph, obtaining very curious results. In 1803 
tlkcy noted tliat in the II/J, Hy, and IIS spoctrobcliograms the faeulir 
ivi^rc no longrr bright with reference to tJie background, as in the 
caldiiitL Images^ but^ on the contraiy. are often dark. With Fl*, iso¬ 
lated in lIHlSj they found all about tl»e spots a series of fine demaira- 
tions^ the impression of w^hirls^ and which Hale has de^ribed 

here at a ^j>edal meetingn Indeed,, these Ha images are beautiful 
ond abounding in fine detaiU. 

However, these American Ha images were obtained hy the isohi* 
tion and use of the whole dark line. 1 Elated in 1D08 that they must 
be coiiipc^sed of the mixture of the two or three images belonging to 
dilferetii strata. Tor, according to Rowland, the Hu line is doubly 
reven=ed like Ulo K line^ due to calcium although more feebly. Its 
widili, including the shading edges, ie 1.24 Angstroms; wilhout them, 
CV.PO. We would, therefore, expect some what different resiilta ns 
different portions of the line are Isolated. 

'J'his we have already clearly Ehown tn 1)0 true, and indeed, con* 
irtiry to all our expertatioiiA, the difference exiting between the 
various hydrogen images are greater tliao for calciunn 

The exact resnlts are as follows: 

When the shaded portion tloK« to the edge of the line is uFed, 
corresponding to of calciiitUi at a distance from the center of the 
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line Rinountitig to between forty-seven one-buticlredthfi nnd sixty- 
two one-liundretltha of an Ajigstmm* we get (iie reauli of 1SJJ3; tJiut 
13 to say, the regions of factilfo appear black relative to the back- 
ground, 

When the middle of each side is used at a distance of frum ten 
onc-biindrcdths to forty-two one-hundredths of an Angstrom from 
the center, the result is entirely d liferent. It sliows the principal 
characteristics of the spectro-heliognuns taken in America in I DOS 
and particnfarly tlie grtnipa of smull lines which Hale has called 
“solar \'ortieeSi.** 

Finjilly, with ttio center of tlie line wc get a third, yet different 
aspect fi'om the otlicr two. much paler and simpler and correspond¬ 
ing to the upper layer of liydrogeii, 

Now, and tills point is important, the new iniage shows the dark 
111 aments of the K, layer of calcium. As to the regions of faculft". 
they arc bright, never dark; they cover n smaller region than with 
the K, stmtmn and correspond to the tnflxima of hrightnesa of the 
EiRiihir regions in the IC, stratum, maxima which dlifer from those 
of the K. and K, strata. The darkest and the hrights^st parts are 
the same. {See tlie aiiiiexetl pictures taken with Kj and with Ha 
the JJth of September, li>0D, and the 21.-^! of Miinh and tlie IJth of 
April, IDIO.) 

And yet further, we hove isolated the various parts of the bine HjS 
line of Uydro^n, showing a lower elevation m the solar atmospiiere 
than the Ifa line, and so obtained images which show almost esclii- 
Fiively the dark regions of facule such as we found in the shaded 
fxirtion of the red Ha lino and whudi therefore correspond to a low 
level. 

Finally, we are led to condnde tliat hydrogen gives, like calcium, 
at least three distinct snperjiosed strata w hicii are now for the fim 
time clearly distinguished, 

Now. in wind jti.d pm-edes T have treated the different portions 
of the same lino and the different corresimnding images by the 
onlinarj' laws of emission and absorptiem by gases, admitting nat- 
timlly that (ho density of liie gas and the width of th* corresponding 
line diminish ns we go upward in the solar atmosphere, Now. (he 
theory of anomalous disfiersion has been brought forward as coming 
into play here, and, at least in part, explaining tlie peciiliaritiesi of 
these imoges. But it seems to me that anomalous dispersion, white, 
of course, to some extent it must come into play, does so only to a 
minor extent and may l>e neglected in this preliminaiy study* The 
real reasons for making such an assertion would take tiM> long to 
develop here. However, anonmious disju-rsion has lieeij found in the 
laboratory with the lines II and K of caicium, and recently with the 
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ILi liiie,' But IIS tile wntcr (if tlie Hue docs not siiifer iinoiimlous 
dkpereion, this thL>ory can not' apply to the imiigcs of the upper 
strata Tcitb which we are now intcrcsteil. 

The black lilaments which are found similarly in laith cah-ium imd 
hydrogen ate in fact u very clmraderistic element of the upper 
stratum. Hale hml already n glim[ise of them in the enrliur, really 
composite speclro-lielioprams taken with K and 1-I<t light, and noted 
them under the name' of long dark floeciili and suggested that 
they verj' probably hcloiiged to the high str,i.ta. Indeed, under such 
conditions one rimy often obtain tlie uiost import ant filamenis which 
oppenr ns very broad, dark lines. But for a ccuuplete knowledge of 
the Bluiiienta and their properties wc mast, have rccour* to the 
images solely of the upper stratum. 

Another import nut eJenient of Use upper strata is tlie bright re- 
aiona of facultie which ate found at the same nositioiis as on the sur¬ 
face though of different form. 

To sum up, if we csaniine the four layers formed by the surface 
and tlie atmosphere of the sun, the brightest portions are above the 
faciihe. Blit the darkest regions arc placed very differently at the 
surface and iu the upper strata. Below they occur in the spots; 
above, in tlie filaments which occupy a total black surface greater 
then that of the spots. Tlie area cov>;tied by these filaments should 
be measured as esactly as that occupietl by the spola. 


7. HEiUnVRCllES ON THE MUVESIKNTS UF THE ATJlOSi'illlBF-AN INITTBU! 

IIKMT FOH HEOISTS:hI>SC 1 STFXTHl'il VRlXK’mKS^ 


The black filfimi'iita eiirpcciiilly lUtract ntieiilioria nntl iiitkvil 
for, iis wc hftV'e just suid, tlicy haVc un impnrtance at lenst eijiifll to 
that of the spots. What, then, their origin and what the nature 
of ibese long dark lines? An accurate answer is very difficult j it is 
mguiiirant to recall our nniTertaiuty as to the which have Ijecn 

Eittidied 300 rears- However, with tlie filniueiiU llic inquiry may be 
more easy. The surface which carries the spot Iwt wc4-n the Inte^ 
rior of the suit, which escapes onr visiinu and the lower romples 
strata of tins atmoephere; on the other hand, the upper layer, wdib 
which tlic fiJaiiients are coouet^ted, is more fi*ce, more diseiigageiU and 
may have a struct lire and nvovernenls more sample* 

Indeei:!, at ileudon, aeverni results regarding the filaments have 
been i^tained wi^rtliy of note by virtue of a {q>ccial device deveh>ped 
and used as yel only at Meudim and which is an instrimietit for 
ri'gistering or incliciiting spectrum velcicities (spectrO'^eiiregistreurs 
des vLte^-S^)* This Apparatu^^^, used since was greatly improvcil 
ill l&OL Tt n^veals. Us narne indicatest the mdial movements uf 


on III# or no#; » lli.t tl,^. r«j 
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the Sij]ar viipors by by iide smiiJl 3|x^Tni of i^uoeessi^’t'! 

ec^uiiSistunt sections of s<Jui' lii^k by meiins of ii second lurgt? slit 
and discontinuous, autuinjitie tuovenienbi^ It is a coin piemen I to the 
spectro-heliugrnpJi siiid fully us iisefuh It telb us besides the radial 
veloeitif.^* the genenil fonn of die viipors^ jind the details of the whole 
line, piirticularly the width of the isolated line whidi is vety variable 
from one purl of our star to another. It gives us informuUoii at 
points where the sjJcctn>dieliogi‘nph fails^ for Uie latter ran not with 
a slit of consbint width isolate uecuralely u line of variable widths 
in short, il records all the elemenis which escape the spcclrudielio- 
gruph and us^iures ttn are urate interpretation of the results. 

A iiaktHl-oyo exaiuinatiou of the plated taken w ith the K line s^hows 
at once tinit the radial nioveiijetits are in giTiend mure nciieeable 
on the filaiiienta than at the adjacent poiuts. Sometitues even alt the 
linct^ due to the fllamezit are indiited in the same direction and 
show' a w liirl al^ont a hori?yoTital sixis ns cibtmgiiished from that wdikh 
exists ill iJie sun spots about a vertical axis* Hut to this movemetit 
there succeeds, as with the spots, a relative calm. If then w'e w^ere to 
measure with nire these displacements and the radial velocities in 
the line when the vapor is ut ttie center of the disk w'e waailtl find 
that the vii[xir is riHing with a velocity often grtader than the ve¬ 
locity of lyitutiou of the sun at the equator (some 2 kiJorueters per 
sA^'ontl). l"his baa ijeen verified for several filaments. Aside from 
the spots and the filaments^ the veilieal velocities in the iipjwr stnita 
are not insigiiititiiiit and often of th© same order as the equatorial 
st>eed of rofaLion^ The magnitude of this vertical motion is less 
astonishing when we note that the gasetnis mass of which the atmos¬ 
phere is composed lies above an intense furnace of heat. 

Analogous measures have been made carefully at the center of the 
sun on facula- and flocciili wdth the reverie result. The vapor 
here has a contrary direetion of motion and descends wtiile in the 
K?lQtively dark portiena around there are ascending currents. Gen- 
eraliy at the bright places of the Kg images of the upper layer the 
vapor descends^ it ascends wdiere the image is relatively dark. That 
k really logical, for the vnpor which goes down becomes compressed 
and therefore liecornes warmer, while that which rises exf>ands and 
Iwoiiieii cooler. 

This phenomenonj which has already been noted on a great num¬ 
ber of plates, is important, for it show's the special structure of the 
atmospheric strata, Indicating that lliey are divided into convection 
currents exactly us in the case witli liquids heated uniformly at 
their lower surfaces in otjr laboratories. 

The hriglit facula often cover a remarkable extent of the image 
and often with sharply formed Juxtaposed pol 3 'gnEs nxactlj^ similar 
oriws*— iu loio^-—aa 
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to tho polygons fornieil by the Tort« cells in liquiUs so well studieil 

iu Frsnca by Ucrnsrd' . 

Siuco the vapor descenclb over the flocculi and rises at the xnter^ 
Slices each one of these snlftr polygons is thus prebobly a vortex 
Other flocculi in the same image show polygons less sUarji and loax 
complete and sometimiai, aUhougU more rartdy, of wholly irregular 

forms. Jnnfl is, 1«». 
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Mortover, the filaments end lines are probably the limits of vortex 
cells vet gwater, superposed upon the preceding in the upper stratmn, 
and of which the spots are the centers. This is in accord with the 
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niovcntentfi in the stratum ne?ct to the noted by tlie EngUssh 

nstixntoiner Evershed- We may easily e:Ep1aia why the ?pot» arc 
pointlike nod the filaments linear^ sometimes Tery long* Our prob¬ 
lem therefore through these researches has already received sonie 
li^ht; it will^ it seems probible, be completely elucidated when we 
have continuous measures of the radial vclocitie'^ over the whole 
disk of the snUj unfortunately necessary for a very long ptiricH] of 
time. 

8. TJIK DlijJKDtWERY OF THE rOIi.^It riLAMENTB. 

I Will close with n new phenomenon of the dliimerits recently rec- 
o^^lized ut ileudon and already piiljUshcd* The oh^ervatory has so 
far obtained pictures of the upper stratum for more than 20 en¬ 
tire revolutions of the sun. and from them it b? possible to study the 
distribution of tlie filunientSw They appear in all blitiides but at Uie 
poles tliey are gcnerjilly grouped on a curve, more or less cireulart 
surrounding the pole, although often not along a parallel of lati¬ 
tude. This ptdar curve of filaments is at times clcarh^ seen at Inith 
of the poles^ but in general it is distinctly yisible only at one and 
tends to move from one pole to the other. It wos particularly" dis- 
lincl and strong during lost April at the South Pole- (Sets the two 
pictures of Apr. 11 and lig. t. which show the filaments of four dif¬ 
ferent days.) 

Tliese polar filaments are accompaiiieii hy prominences and accord 
wdtli the secondary maxima of prominences at the poles which have 
already heen noted. They may thus be ixdivted to the sjiecial form 
of the corona which appears during the minimum of the sun-spot. 
cycle und with the often-noted inelination of die coronal axis to 
the ordinary solar axis of rotation. 

At times the polar curve is accompanied on the side toward the 
equator by a line of parallel filamenta which are reunited to the 
curve by filamenb or lines more or less inclined j and so we find a 
disposition analogous to ihai of the bands on the planet Jupiter. 

Finally, the polar zone of filaments, where, as we have Just seeiiT 
the vapor is a5<?ending. may be compared to the :!0no of spots and 
facLilie near the equator, where, controrywise^ the vapor is descetiding. 
We are led to suppose a great meridian circtilotinn in the upper 
stratum, a vast general convection current analogous to that which 
exists in each hemisphere of the earth between the latitude^ 35“^ and 
thu pol^s* 

Tune fails, unfortunately^ for developing all the consequences of 
these first observations, but the facts given suJfice to show the great 
interest coiiticirtcd wuth the Study' of the upper strata of the solar 
atmosphere and the necessily of continuing it. 
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Tlje' atmosplleK^ of the sun Alone ve may olraerve in its entirety 
ynd in iU successive byera. Our self-registering nppanilus gives 
ill u fe^ momentis its general a^t and principal movements. From 
this iwint of view it is better known than our own atmosphere, which 
we may observe only in its lower portions and over a restricted re¬ 
gion even with the aid of the telegraph* 

The network of convection currents and the curious filaments 
diacovcreil in the upper stratum may he found also upon the earth, 
and so the study of the sun may bring ns to a better knowledge of 
our owQ uljnosphcre. 


BECEXT PROGHESf? IX ASTROPHYSICS IX THE UXITED 

STATES,’ 

{Wtlih ^ I 


B>' J. [tCMLEI, 

"( fA(? 0&»£TFflfurt» 6/ Meudoitt FrtlHCC* 


Americans during recent years have made advances in astron- 
oiiiy, Tliia science, with its broad horiitoiii^ and Us continned desire 
for im|>rovement9 and capital, comports well with tlio tcmpcraniciit 
of a people so well endowed for vast iindertukings and for nil in itny 
way connected with mechanics. To get jnoney for their researches 
seems second nature^ nlnsoat a pleasure, to American scientists; a-s 
natural to them is the construction and employment of new iustni- 
ments. We were not astonished, therefore, some months since, on 
the occaaion of Uie International Conference at Mount "W'iJson, Cal., 
in finding for on twelves that they had accomplished great things in 
this cln^ of undertakings, na well as m many others. It is but juift 
to add that the means placed at the disxjosal of the astrononters by 
their many and generous friends were truly proportional to the uses 
made of these means. What follows will at every step ill list rate the 
beneficent Lufluenee of private American initiative. 

liaav.tRD OOTJ,EOe OnSSHVATOBy—TUE SySTE3IATIC STTOV OP TUB ST.MW, 

One of the oldest of the scientific establishments in the Hnited 
.States is the celebrated ohserimtorj' of Harvard College, situated near 
Cambridge (Mass,}, which, during the last quarter of a ceutury. Prof. 
E. C. Pickering, assisted by hie li rot her, has greatly helped to make 
illustrious. It is supported not by the State, but by Harvard Univer- 
Bily, an autonomous institution analognus to the English universities. 
Situated in the center of Xew England, near Boston, this observatory 
is assuredly the least .(tjnerican of all those of the United States; you 
tvill not find here thoso colossal instruments whieli are the pride of the 
astronomer of tlio West ; herr^ the methotls are akin to our own, and 
iJie qualities are the more especially European ones of order and 
patience, from ivhich so many beautiful results have followed. 

iT[«ai1atea, bjr (icnDliiulon, tram KrVUf CrtiJUlc SrtciK«m Sfifl T»»r. No, i, 

Fvb. IE, lOll. 
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The principal of rcbsearefies followed ut the Harvard Observa¬ 
tory is the sjMJctroscopic mid photonieiric study of tlin stars. The 
observers tlierofore consUiiitly watch the entire system of stiira down 
to the sixth ma^iitude, and as much fainter os possihle^ so that none 
of them iiiny escape surveillance. In order to study the stars idwiit 
the southern celestial pole, which for g:«Ml reasons have iK^n so iiug- 
leeted by uiost astronomers, tlie Pickering brothers establisiwl, in 
ISfll, an auxiliary station at Areqiiipa, Peril, at an altitude of alwut 
ii 700 meters, and oonstipiontly unikT the lifst atmospheric conditions 
for observations. Pickering, with praisewortJiy self-denial, sent 
there one of bis most beautiful instruments, the Bruco i!4-indi tele¬ 
scope, which be thought would render more service there than at 
Hiirvard, We will not dwell on the photometric and spccti^opic 
™taloffiit3 published at Cambridge, nor yet upon the abounding dis¬ 
coveries of spectroscopic double stars, nor the varioii^s kinds of steUar 
hvdro^n, and so on, which have lieen made here in th^c past. Wo 
w'ill limit outselves to the methods tictually m use at this establish¬ 
ment and which, as we have stated, are In themselves of great inteiA^t. 

Prof E C. Pickering personally curries on the stellar photometry 
tmd has allowed no detail to escape detection whicii would lead to 
preciHion The photometer is slutioiiary and placed in il well-shadi^ 
place; a aiderostat, worked from tlie interior by an assistanl. 
the revs of lilts star under mwisurement into the liormonirtlly placed 
photometer. 'J'he astrotiomer is thus L-omfortnbly silnatcd, ns at the 
eqiiatorial-coiid^ at Purls, with his head enveloi>ed ill a mantle of 
Uack material; ho remains here continuously during the whole even- 
iDc: tlie Beltimps. the records, oven the readings of the divided scale, 
an* miHlo bv hLi n.*«istaiit, Mr. Pkkeriug uses Ills sight strictly for 
the purely photometric work, aasunng himself of bis masimum efh- 
cieucy in the photometric comparisons and avoiding thuii a number 

of more or less systematic errors. _ 

The spectroscopic clitssUicalioji of all the stars of the sky is (lone 
principally with the aid of tlie otqcctive prism of tlie 11-inch tele¬ 
scope The equatorial upon which this prism m mounted is m no 
wav unusual except for the electric control, which assures the aemrete 
I'emilation of the driving tnechantem which la kept m perfect s^- 
chranism with a controlling pendulum. As tins apparatus 

Av on Id not hnv© Iwoti ^niflicicnt^ two new oii^ both of 24 mchea. 
ciMistriictcii at the some time, thus reducing the net cost of eacli. 
Nothin-' more need la* said in praise of the objective prism; it ia well 
known how' with it, at one exiwsure, may be photographed the speclni 
„f alt the Stars visible in a given held. There is much lesa loss of light 
tliaii in the use of a slit spcclmwopc, so that b shorter exiiosurc is 
necessan' l;tifortunately, nocurute deiermiiialioas of wavc-lengtiis 

[mt U made with tlmt system and, despite the most ingeniouH wn- 
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LrivaiicciS because of llie lack uf a i^onveuienf sLandonl for the iiulica- 
tion of the wavc-Ieufjtlis, it is difficult to use it for the deterniinations 
nf radial velocities. It is lliougbt that the use of absorbing? screens 
may do a^^Hy with this olijeclioii last mentioueii, now that the sub- 
staiices have been found siviiig, at ordinary teinpe rat ares, fine ab- 
sar|)lion lines (and not mure or less bazy bands). The plates we sfiw 
were striking xii this nispecU Tbis method necessitates, Iiot^exerj a 
longtw c\posiii'e. 

Great prograss has been made lately in the researdies on variable 
stars. Independent of the direct pbolotnetrie obeservationi; wbieb 
give compjLTatively few' results^ several [Oetlu>clH Ixave liceu devised 
for the discovery of new variables. IJy means of one of tlie great 
porti-Jiit objectives of Ifi-iiicli (40 centimeters) aperture, which Pick¬ 
ering has bad constructed, eight or ten exposures are made in a 
series on the same plate at intervals of a half hour; those stars ai'S 
tbei easily noted, if siicli exist, which have varied during the four 
or live hours’ eetposure. Vuriablea of short period of the Algol 
typo are thus discovered. Another more general proved lire in use 
at Harvard is to take at two different dates two negatives of the 
snme I'egion of (he sky; a positive is printed by contact from one of 
them, let ns suppose (he second, and superpused upon the original 
lirsl negative, 'I'lie stars which have not varied are represented—one 
iif the plates being a little more dense than the othor~by hlaek doU 
suniHiudud by whitish aureoles (or inversely). The image's of stura 
wliose light lias varied present a ilifferent fisjjcct; if tlieir brigldtiess 
iias increased, tliey appear surrounded by an aureole relatively 
brighter than that of their ueighhoraj if the contrary is the case, 
tlie aurefdc is leas marked or jjerhaps wholly absent, lly repeating 
this several times for each region all tlie variables existing in theso 
regions may be told almost at a glance, even among the immense 
numbers of stars not undergoing fluctuations. The value of tUb 
method is uiilimiicd and it is admirably adapted to clusters of stars 
like Ccnlauri in which ISS variables were discovered at Ampiipa, 
At ITiirvftrd this ingenious method has led to the discovery of 2,(M)0 
lu 3,000 vuriablcs, several times n.s many as have Iwcu iiiadc known 
by all the other methods combined. 

" I’he objective prism aids also iu this class of discovery. We know, 
for instance, that the variables of long period, of tlie type of iliru 
Cell, for examplo, contain bright lines in their spectra; on the other 
hajul, Ihcse brighl-iine stars are comparatively raiC, so that u star 
posoyaliig tbis characteristic attracta our attention at once to its 
variability, 

The organiisation of this bureau, composed solely of women and 
which has executed such colossal work, merits our attention. The 
reader may, however, reassure himself; we shall not detuin him long. 


SCO ANNUAL eUPOHT fiMITII^NlAN INSTITUTION* lOlO. 

Wis will eontoDt ourselves with ^y«Lg tlisit we Freucbtfien, Iwni 
burvaucnti imd beli^viiig ourselves w ithpMt rivals in the roiuine of 
udministmtion, would ceiininly find mueh to teuni here from n piiie- 
ticfil point of view. 

All tliwe resetirdiG^ on variable stars, upon istollar spectra and 
tlieir diu^sification, may appear to Urn ordinary leader very mtpnoto- 
nous and of ven' littlo use; yet they are of gri^at imijortance for 
a knowledge of olir universe- We diould not forget that by means 
of this incessant cunipairison tliK?e observers run often antioimce the 
new stars (iinvie) which are so interesting in ttiaiiy ways* And yet* 
further* a new shorl-period variable, o new typfl of stai^ gives cer¬ 
tainly a iievi' clue to the elucidation of yet unsolved problems or what 
amounts to a new iiislnmumi for research in this vast laboratoiy of 
the sky where new tools are rarely ■sibLaiued. 

THE LICK OBSKIO ATORY. 

Xnw, crosdng the whole continent fmm one shore to the oth el¬ 
and going to the I^ick Ol^rvatory, wo tiiid a totally different estab¬ 
lishment ; more grand because of the vastiiess of the means at il.-^ dis¬ 
posal as well as notable for the beauty of iU situation. Founded 
tlirough the generosity of Janies Lick, a rich CulifomiBn^ utid now 
Under the cjiiinent direction of Pnuf. \V^ , Cam pi jell* the Lick Ob- 

serv'atory is situated on Blount HamlltoiL at un altitude of 1,-100 
metens l>enntiful aito* although iinfortunately isomewhat difficult of 
despite ite neamesa to Sati i-'nincijco. The distance from the 
near^t railroad station to the peak is some 40 kilometers, over a rather 
rough route* thoiigii suitable for an aiiloinfil>ile^ So the astruiiomerR 
must dwell there nil the time* and during the winter this region iiiust 
lose ^me of its chartei^. 

We will dwell but little on the great Lick ec[UHtoria4 one of the 
nuKii justly famed telescopes of the ivorld. Its focal length h 17.30 
meters and its aperture 91 eentJineters (3G inches)* It may l>c used 
for visual nl>servatioiis and adapted for photography by the aid of a 
correct Liig lens placed just inside Ibc focusv One of I lie most mmirk- 
able aids lifted with this jnstriiment, the only rival of wducli is at the 
Yerkes Oi^rvatory* where it is further perfected, is the moving 
which may lie ndscil by hyclniulic means so that the observer, his 
o-ssistants, and all which surrounds him may be placed at a Suitable 
elevntioni 

The great teles4!Ope is UBcd for varioiiH researches, notably for 
spectroscopy and the determination of raidial vekicitics. Tlie con- 
stntctioii of the spectroscope^ known as the MilU aptctixigraplu was 
most carefiilly designed- It has three prisms and an adjusting device 
wliidi assures the parallelism of the optic nxb of the telescope to that 
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of tJie wjllimiHor, a comlHioii OTidontly indis(}ensnljle for the use of 
alJ tlie iivaiiiililc ligliti tiiB tulw b sufficiently rig^iil tc^ allow the 
realixatlun of thb^ IL is well known tlifii one of the priocipnl difli- 
cuUiiiss In the aecurnte pieasorcnient of nidifll vclwuties results? from 
the changes of teinfu'ratiire-s which change the indicess of refraotioji 
of the prisni during the necmsurily long eNposures and thus produce 
a false dispUcemctit of the spectrutii line& In order to escape this 
danger tlvc whole dispersive system U sniToundLHl hy a ihpnrujstat 
which maintuins it at a constant temperainriv It coiiskta of a 
wooden Ixix* lined with thick felt* By means of an electric fan and 
ft fine Gerinaii'Silver wire passing along the sides of the bos and 
traversed by iin electric current of moclcmle intensity tlie boN may 
be rapidly warnied when the temi>oruture becomes too low; a ther¬ 
mometer, by means of an lumliary current, stops tlm wiiniiing cur¬ 
rent w^hen die proper temperature has been regained* 

Xaliimlly the great equatorjid of this obsrrvatorj- is particularly 
suited to measures upon double stars; we onrselvcs were aide to sepa- 
nite the two componenls of the close double Z E<|iiulei apart), 

and K. G. Aitken, the n^ilrfinomcr in charge of these mFearches, on 
nights of good Hjciug d(ies even better and can separate ns close 
as 0.14''* He I ms already publislied *i,000 new doubles hitherto un¬ 
cut ulogned. 

Notwitlif^anding the superb qualities of thLs instrument, its angu¬ 
lar aperture (aliout 1 to 19) is too ^mnll for use m photographing 
very faint objects, such as nebulce and cornets, and fur this purpose 
Ihoy therefore employ the Crosslcy n*fli'clor, whose opirtnre b 36J 
inches- This instrument has had a somewhat peculiar history and 
its mounting has l>een ivholly rebuilt during the last few years in the 
shops of the observetorJ^ As they had especially in view its use in 
plioiogTaphy, rigidity was considered a uic^ essential qnalihu In 
order lo follow a star across* ihe nH?ridian without luiving the tele¬ 
scope strike the pier and thus tivoiding the iieeei«ity of ilicn revers¬ 
ing the insiniinent, which would hove been very undesirable in the 
middle of an e^po^jitiits they adopted the BnglLdi form of mounting 
where tlic two cxtreinities of tlie polar a^vis resit upon si^parnte piers. 
In order to dimini.sh the tudnieiit of inertia of the moving part^, 
which weigh 15 tons^ they gave the polar axis ihe bizan^ eccc^iitric 
form shown in plate 9; the eccentric iwrtion serves partially tm a 
counten^oise and the radius of gyration is decidedly reduced* The 
drivitig sector Ims a radius of 2.50 meters eo that any irregularities 
due to its movements are much reduced* In order to keep the liniige 
of I he star Iwiiig photographed confrttintly at the same point of the 
pliito it has usually been the eiu^tom to move the whole telescope by 
Uie means of slow-motion mechanisms; with the Crossloy retlector 
onlv the plate holder is moved. Two miemmeter sefewa give it the 
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Iiecessiiry correcting movenieuls, thus li voiding the ttsselesa waste of 
exertion in tlio older iiielliofl. Fitially, u vcrj* sniull, convex, by- 
pcrbolio ijiirror, placed near tho jjHiicipal focus, allows tlieiii to give 
to the telescope the t^assegroiIlian form, increasing its focal length 
foi‘ Lilt; studv of thi? brigpliler 

Willi thin inHiniwent, and indeed, wiLli its old fomi of inountlng, 
the Lick oliHCrvtrs wen? able to obtain a supeib iicries of plates of 
the neb! I lie, wliieb arc rividltMl only by tliosc obtained during the 
past year uL Mount Wilson- They hope to photograph tlnis I2t>,000 
nebiihe. |K>ssibly many niorts snd onr present catalogues contain only 
IS,000. 

The spiral fono is much moit! general among nebula? limn was 
formerly supposed^ a result which becomes even more interesting 
since tlie retlector has enabled Path to obtain the s|_>ectra of 

Severn 1 of them/ lie found their spectrn very remarkable mid oom^ 
por^^l of thrtiH distinct tyi>ea; a continuous spectrum^ bri^t nebular 
linen, mid dark absorption lineH. The tlieory that these nebulfe aix? 
very condensed iiiaabes of stars ia Lliereforc supjx>rtcd by tliis^ 

THE VEEKES OnSEWVATORV. 

favored than the lick Obfiorvaton’ by it^ climate, the Verkes 
f)bs 4 *rviitory is lU'iLr Chicago; it w'us de<licutc<l in ISOT in tlie pi^- 
tuice of a gallieriiig of 3 l^l^ollCJ^lers from Uie whole world, it owe^* 
its biception to tJie energetic initiative^ nissLsled by tlie means of n 
wealthy niannfactiin^rj of Di% flale^ who wiis its imft director and 
who projiiftied lo muke it :t C 4 ?iiter of ihe hrst raiik^ its great teJe- 
scopot with on objective (pi. 3) of IM meters (40 indies), derived 
much [>rotii in its construction from the one previously built for the 
Lick Obsenatory. All perfectiniiii pch^ible to \m combiniHl in 
this instruincntT whidi, with its moving dome, txist some $lT0,tX)O. 
The moving iloor l« raised by elcctricid nicuns, the clock rewinds 
it^Kilf. and yet other motoi^ direct the tcle^ctr]ie to the desinad pkoe— 
indeed, no convenience has been oniittcch 

One bere viviilly how American methods of construction dif¬ 
fer from oiir^ how little they csoncern themselves with castotns so 
rigorously olsserved clscwdiere. Our gi^at iiist ruinenis u I ways seem 
to lie built according to soine former shop riiles^^ very' differtmt from 
the [>rftctice in the cmislniction of tlie iimcliitiei'y of urtlLnary mcmii- 
factories. Such is not the case with the grent American telm!npei5; 
tlieir parts are more inaissive, less fragile, and have the ap^icarance 
of tlie machinei'y'm the ordinary commcKunl i adust ries^ E! very thing 
must conduce to regulurily of otwraiion rather than to surface re- 
lincmonlfl. l*recj$ion becomes illijBory Avhere there is flesure anrl the 
strains tend eon^tantly to destroy' the perfection of the surfaces and 
their adjutimeitUs. 
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Several spectroscopes of one or several prisnis iiiav be nttaclicd to 
the telescope; we will mention esiiecklly lUe Kumford Rpeetro- 
helit^'rapli- Hale hud especially in view the study of the sun when 
he founded I ho Yerkes OUicrvatory, -So he liad the great rtifractor 
furnished with adjuncts unalogous to those which he had used in 
his private obsei^'atory at Kenwood for his earlier solar researches. 
Yet we will find tiiat there is now a tendency everywhere to adopt 
widel3’ dilTorent schemes for Lids class of reseai'clies. 

Under the incentive of Prof, Frost, now the director at iho Y'crkes, 
progress has, of erairse, continued. With tlie 40-inch Buniham made 
his great catalogue of double stai's published in LE'OG. This includes 
many new doubles, which European iislronomcrs may nut hope to 
see. In photography Ritchey, the clever constructor and observer 
now at Mount Wilson, first applied at tlie Yerkes the idea of moving 
the plate holder with ite plate (pi. 4) in following a star in^ead of 
nioWug the whole telescope. And yet further, by the use of i^hro- 
matio plates eombitied with suitable coloi' screens for eliminutitig ilia 
blue and violet niys for wdiich the objective was not corrected pho 
togruphically, he 'succeeded in obtaining remarkable plates of star 
clualeri. 

Studies in phutometty have been carried on at the same time, and, 
just as at ileudon, daily phologi-apba are Uikcn of the protulier- 
luiecs of the sun, mul idrii> of the strata of cakiniii and liydrugun over 
the whole s^olar atmo-^phere» 

The Yerkes Observatory has nthiT instrument'i: a telescope of £4 
inches constructed there almost entirely hy Ritchey; hnall^'! through 
the generosity of Miss Bruce, there is a photographic telescope of 
S5 centinieteis linear aperture nnd 1 to o angnlar aperture of large 
field, which has eiiabled Barnard to obtain, besides numcreus pho¬ 
tographs of the comets which are magnificent, plates of large areas of 
the miliiy way and to discover through these latter those large, dark, 
star-free places, coouiionly called coul bsticks, which so perplex the 
scientist. 

FlrtttlST.tlT OBSEBV.Vronr - 31 AES AND THE I'l-VSETARY SCJIPAtTift. 

And now we will pass to a class of work which recently has aroused 
lively curiosity even outside of scientific circles: this is the study of 
the surfaces of the planets, undertaken especially since 1894 mid in 
particular very rewiiily at tlio observatory at I'kgatatT by Beir.ivai 
lAJvrell, Mr. Lowell, a rich auuiteur astronomer, early conceived 
a piission for studytnjr the qiieslion nf the '^canals of and 

hfis iTOOine an ardmt and intelligent jidvocatc of thi? habitability of 
this enigmatic planet, Tlio Martiun^ soeiii ahiins( frioriils of hi ■4. he 
hasi bocDiiie so anlenl in descrihing theu^ exploits. In ordiir to better 
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observe their dt'cds nod iiiaitiners Ix^weil has <*hosen on the Arlxonii 
Plnteaii n privilegied Kite m?air the route of the Santa Fe. a 
distance from tile Grand Canyon of the Colorado Riverj the marvels 
of whidi we oould not tell hen? without depsirting from the purpose 
of thiij article. X dry and desert climate^ high altitude^ and distance 
fi'om tlie smoke of manufactories, all contribute to beautiful 

images in their teies^ci^pes, and they are indeial m very often. 

x\t Flagstaff they employ chiefly an efjuatorial of O.Gl-meter uper- 
tnre and 9.4S-metcrs focal length and proix>se, InssitlcH dir^t visual 
olHft^rv'ation 5 a^ to obtaiji photographs a^ perfect as possible of the great 
planetJi. Lowell noted that generally the defiiutiujj of tlie telc-swjpto 
images is vitiated by t!te unduhitions in the lower layers of our atinns' 
pliei'e whose wave-lengths are ui about the order of magnitude of the 
dlaincter of the object glass^ altliough often smaller^ With such dis- 
turlmnees it often happens that the bundle of light wavw having 
travended region-H differently agitated produce a general blurring of 
tlie Ullage whidi h not compensated by a analliyr diffraction^ Lowell 
thei'efore thinks it preferable to diaphragm his objective to 0.-10 or 
0.45 meter* Eadx of the exposures* which are mode in series^ receiver 
a bundle of these varying rays which have followed Tcry cIsMely 
neighljoring patlis and traversed practically tJie same atmospheric 
course. Accordingly the iinapeSf are very sharp* espc^cially as care is 
taken to choose the most favorable moments. However, this is not all 
there is to he saitL The form of the diffracted bundle of niya is that 
of a sugar loaf {conical), so that the diffniciion of the image formed 
* of a i>oint is maillcr the closer to the summit we cut the cone; or, 
practicalUyt if we al^rb a part of the light by inte^po^s^ng a screen 
l>efor[^ the plate we will diminisli the harmful effect of tlie dif¬ 
fraction, thus improving Iho definition of the image. Tliis hap- 
pi‘ii8 very fortunately, for in the ttse of isochromalic plates with an 
ordiniirj' objective corrected for visual observation, we have already 
slatiNl tiiat it is necessary^ in order to obtain a sharp innigc, to absorb 
die blue rays b}" the use of ii yelIo\t scrieem 
Lowell and his assistants, Slipher and Lnmplnnd, have thus l>een 
able to photograph for the first time the canals ” of Mors, atul, in¬ 
deed, so they thiuk, to discover new ones of recent formation* To 
continue with the suggestive dcductiona which have tctl them lo con¬ 
clude the existence on our neighbor of mteUlgent beings^indeed, yet 
mor^ of eoDSummate agrieiilluriritst—would take ns too far, especially 
fiince we would then treat with Iheoricii which arc strongly contested 
and upon which we must say that very Httk light lias really Ijceu east. 
They have made other spectroscopic re^^enrehes, which liave led 
I»well to affirm the prcpseuce of the bands ditc to water vapor in the 
red portion of the spectrum of Mars, a fact favorable to the ex is- 
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tence of people on the plnnet; but here, ulso, wc must note, there ere 
divergencies of opinion, and we must not itiast. 

Tlie ingenious inqtliods of Lowell have been applknl ea well to 
dtijjiter end Saturn: they hevt* neveaU'd on the ecpietorial bands of 
these two ple]iebi<curious oblique filaments, a sort of network (re- 
seou) of cells which Imd already been noted in visual oljservetions, 
but tlie interpretation of which has not 3*et been found. 

^Vhaterer we mey think of the tlieoretical and philosophical iJens 
of which Lowell is the brilliant chempion, there h no doubt Uiat bis 
methods pi'fesent an imporiutit advance; in everj' wej- his planet 
photographs are among'the best, perhaps tlie best, which bftvo been 
made. 

MOUNT WILSON OllSEaVATORY-^-a(U.AK I'HVSICS. 

At Idoimt Wilson we are brought more cspecialh' to the stiidj' of 
Iho sun. The Mount ‘Wilson Solar Observatory was founded in llW 
through the niunifirence of Mr. Andrew Carnegie and at the rviiucst 
of Dr. Hale, then director at the Verkes Observutory. Hale was 
especially interested in finding for solar physics a very elevated stu- 
tion where the altuospheric disturbances and convection currents 
would be less noticeable; therefore it seemed to be necessary to seek 
such a place among the nionutains of tho Pacific coast, which had 
lieen shown to be so favomblc for astronomical researches. After 
a detailed inquiry at various places Hnk chose Mount Wilstm. a few 
honi-s’ ride from Pasadena, not fur from Ia« Angeles, a peak of 1,800 
meters altitude nnd crowned with jiines; he had transported there a 
portion of tho itistruments winch he had used at tl»e Yerkes, taking 
with him also several of his a^iistaoLs. 

At the foot of tlie mountain in the vdlnge of Pa.sadena arc situated 
tlie ofKceif for measurements and calculations. Here, as cverTiWf iicre in 
.^kmericii, there is a personnel exclurively feminine, which is an ad* 
vantage where, initiative being secondary, care and delicacy are 
required. Finally, in order to reap residts from the greatest possible 
nimdier of plates, a stereo-comparator by Zeiss is used. This is a 
German device, allowing the exact superposition and the vhnngitig at 
will in the field of iHsion of two slightly different plates of the same 
tegion; the smallest divergencies, the smallest changes, are then easily 
noted. 

We find here also an admirably organized workshop provided 
with all AmericaII mechanical resources, which means that they do 
here with niechanieai means many things that we still do by hand, 
re.sulting in a greet saving of time. Finiilly—and tUi-i is » thing of 
capital importance—these machines allow the working of pieces of 
very great dimensions which could never be eiecnted in the shops of 
the best French constructors of astronomical iastrumonts. 
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Ah t(» llie laboratories jiri'jwr al Pasadojiu. ilicy ulso include all 
that is nttessjiry for physical and spcdroscopic researches, which in 
the minds of tlie foniifkrs alionld Iw the indispenBahJe cyniplement 
of asicononjical inrestigations. Tf in the laboratory, by known means, 
the pliciiomena observetl in the stars nrti rcprothiccd, then, indeed, 
the presuiiiption is tenable that the phenomena take place in the stars 
just iis they do in oiir esperiment. The proof is truly not rigorous, 
and the conditions whieli pre%'ail in the celestial objects are more 
or leas difficult to realiac, and may at tiroes result in unexpected con¬ 
sequences. Xevertheless, it is the only metliod available in astro¬ 
physics for iitiaining the truth, and we must leave to the future the 
task of definite corrolmration. We ahemhl mid that this idea has 
Ijecome very general, and tliat ail astfripliysical observatories have 
more or less complete lahoratories. 

Since its construction the establishment at Mount Wilson has been 
open to astronomers of all nations who have wished to work or study 
there. .Vjid so we had tho [dcasiiro of incetirig our colleague, M, H. 
Chretien, of the Observ atory of Sice, who had been studying there 
some eight montliB, So, also, W. 11. iTulius was enabled to study in 
application to the sun his well-known theory of unomalona disper¬ 
sion set forth in this review in U>03. With tliLs theory he explains 
a great many i»henonieiia, principally those of the chromosphere and 
prominences by reason of the curvilinear paths of tlie light rays in 
the solar atmosphere. Kapteyn, also from Holland, has come to 
Ttlount Wilson for the jmrpose of continuing his researches upon the 
iil)Sorption of light in celestial space. The differences which he lias 
noted between tho visual and the photographic magnitude of the 
stats, which Income larger the greater tJie distances of tlie stars, may 
be easily cxplaitied by the absorption of the liglit by some cosmic 
medium. 

We have cotLsidered the general organization of this observatory; 
let ns now discuss the instruments. The first one put into service 
was tho Snow teJcscope (pi. 5), which docs not differ materially 
as a whole from that used at Meudon for the study of the solar nt- 
moHphere. It consists of a two-mirror coelostat which sends the 
solar In^am horizontally to a great spectrograph and a speetvohelio- 
graph. 'File latter, which is of moderate disperaio*. serves to take 
plates of the sun in monochromatic light several times a day. Willi 
it was explored the mean layer of chromospheric hydrogen, in which 
»re at times, besides the more important ffluments of the ujspcr 
stratum, isolated later at Aleudon, the peculiar more or less vortical 
movements tliat bring to mind the classic experiment of the magnetic 
spectruiii. 

The instrument next in order to the “ Snow ” is the tower tele¬ 
scope, which Ls deigned on a totally different plan. In order to 
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avoid llie inwEiilflr refractiotis ptmluci-d in the lower air by the 
bented {Ti-oumi, it oeeiirred to Dr. Hale to phicc the coelo^rtet upon a 
tower some yo uioiers high. seiKUi.g the rays vertidlly dovniwurd 
throiieb a U-ns of 30 centimeters clinnieter and 18 iiieti'i-ii foeal length. 
The sohir iinage h formed ubfuit l.otl meters ahoTC the ground upon 
the slit of a speetroscope i pi. 0). The light lieain then descends into 
11 well 0 meters deep, traverses the dispersive system, which may he 
rotated about a vertical axis, and the e.<®eiitial part of which is either 
a Rowland -t-inch crating or ii Mielieli^Qii S*iiu'h grating, at will, 
and finally returns to the level of the ground to the photographic 
plate. There is yet another fipectrosi ope with a prism, a companion 
to Hie lost one. wliidi ia of great dispendon and mounted as a spec- 
froheliograpli. This gives a inonorhromatie image of a iiortion of 
the aim’s disk* and either tliis or Hie one preceding may be employed 
lit ^ilL 

It was with the si^eetroscope of the tower telescope thnt 

Hiile disc-overrd the magnetic field in sun spots, one of the mo^ 
beautiful discoveries relating to the ?im in recent timCB- The agi¬ 
tated iippeoram:e of the hydrogen llocciili about the spots suggestetl 
mi iiiv'estigjition aato whether the Zeemali effect-might not bo produced 
by them. The hypothesis tliat the s^ts have electrically charged 
matter in rotation indicitleil the possibility of the cxit?tenoe of aiich a 
phenomenon. Tnd«d. the spwtnim of the spotsi^ntaina a great num- 
hi'r of enlarged and reversed lines, an appearance which ivould be 
proihiced by n smaller or greater degree of doubling. Therefore 
Hale placed liefore the slit of his spectrograph a Fresnel rliomb and 
a nirol serving the following purpose: The former transforms the 
cirrnlar polarised light of the Zeemun doublets into plane polariEcd 
pairs, anil the second, accoiding to its orientation, extinguishes one 
or the other of thn latter cornponflnLs. The esi»'rimciit confirmed Dr. 
Hale’s theory. The rotatinn of the nicol nt>® caiised the dLsappearan^ 
of the right or left line from its original iHiritioTi, wbiJe, the telluric 
lines TTiiiallied iinchaiiged. Ijiter it was found that this curious pho- 
nomenon existed in all sun spots to a drgiw miy ing with iheir sDe, 
and that thn magnetic field seems to diminish greatly with the height 
of the vapor above the photosphere, and later yet other peculiariliea 
were found which *e can not think of describing here. A vagt field 
thus eeems open for astrophysicists, and the astronomers of Mount 
Wilson will certflitJy not IcavB it unexplored. 

in the realm of pure aalronomy the Mount Wilson Oteervatory 
pce^sses an instrument which in power ifl not siirpass^ by any 
other in tlie whole world^he tclc-seope of 1.52 meters (flO inches) 
aperture, constructed under the direction of Ritchey, an m use 
since December, 1808. Its monntiiig is interesting. The tele^^ 
tube, which is of openwork construction, is earned in a forklike 
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(extension of Uie polar axihs. i'^iirtker, in ortl^r to lighten tln^ 
weight of the moving port Lone, it reste nt its lowr part in it luith of 
niercuri^; a largo eylinder in the form of n mill whedf mid which 
may be seen there, plays the part of n float. In all details tlie do- 
signers have pn"!filed by the experieiieo acvpiirecl elsewhere. 

In order to take advantage in every possible way of the light at 
their disposail varioiiB combinations of auxiliary mirrors omv bo 
iiswl to give on instrument of various equivalent foeal lengtiia. For 
inst ance, the teleseape, with its^ great paraliolie mi trim alone, lias a 
fcK?ai length of 7Jl meters ami an angular aperttjre of 1 to 5. In 
this form it is adapted ft>r very faint nebulae. In conjunction with 
a small hi'perholie mirror placed near the prinripei] focus it forms 
an instriiineijt similar to the Croft^ley reilectur of the Lick Oljserva- 
torj^ It has a focal tength of iiOAVO meters, mid nt thu siinie time- 
and this is very remarkabk, the images are verj* greatly improved 
from certain aliemilions. CJthrr arraiigenieiils allow foci of 
and, indeed, of 4n-ri0 meters. In the last cosCt especially useful in 
the study of the brighter stars^ the light beam U sent down Ihrnugh 
ttie polar axis—which is hollow—and from there it into a 

i^uhterraiieau chamber under the pi^r, where it may be aualyr^l by 
means of a Ibced s|>eetrograph, free from variations of terfiperatiire. 
We ought to say that in the mind of Ritchey even a fra’a! IcEgth of 45 
meters is not enough for his woi4c on the moon. He proposes by more 
or less complicated reflections of the Ix^am of light to pliotcsgi-aph our 
i^atelUte at a focal distance of 150 rueters! 

Ritchey'a methfKl of work deserves descript join at the Lick 
Obseiw^atorv. the photographic plate carrier is pro^Hded witli tvi'^o 
inicromeler screw.s at right angles to each other for producing tijc 
motions of the plate irecess&ry for following.^* It may also be 
turned in its own plane. By means of two different eyepieces at¬ 
tached to the plate carrier tw^o ^tars may Ije seen ; the first, wdiieh 
is kept constantly in view, is the gtiiding star, properly speaking: 
the second serves to correct the differential effects of refraction w hich 
wouhl result in a rotation of the field. From time to time it is 
noted whether the star in the latter has left its cro^^s wire, and a 
slight roldtlou of the plate holder snlTices to bring it hack to ita 
place^ Nor is that uU; the focal length of the telescope may change 
during the course of an exposure lasting scpine 8 or 12 houm and 
continiied during several zughts. This is corrected every half hour 
by the knife-blade mcLhntl of Foucault, susceptible of the precision 
of one-fortieth of a millimeter. For aocomplbihing thL> it is. of 
course, necessary to remove the pkte. but a of stops allows 

him to pul it IjRck into its prop4-r position again. 

Ritchey, helped by an inmmpacable aky, has obtained platen which 
prove that such refinements are not iUusory, His nebulae, of the 
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grfiitest beniitjs shnw lietaik of stnictiire of woiiderfijl delicflcy. 
Perhaps the most curious of these detaik are the dark streaks which 
are apparent, more often than on the Lick plates, between the spi- 
rak of a great tuimher of the nebulae^ The ftO^inch telescope has 
been in stTvice hut a short time, oJid we feel that there is no danger 
iji preclictittg tliat in the near future it will justify by new feats all 
the hopes which have been placed upon it. 

Hut tlie founders of Mount tl'ilson wish to tmihl yet greater 
instnunents. A mirror of 2-o4 nipters liiamclcr, which we had the 
opportunity of seeing, is in the process of coiiHlruetioii in the work¬ 
shop at Pasadena, Meanwhile a new tower telescope, nearly .>0 
meters (150 feet) tall is nearly completed. This latter structure, 
analogous to the one we Isave already descTihed, will give at the 
level of the grfmrid a solar image 40 centimeters in diameter; it will 
Ih* c-onipleted below by a well £+ meters deep containing the s^iectro- 
scopes. Imagine wliat may Iw done with such apparatus! Never¬ 
theless, it is to lie feared that the improvement of the itnugc anlici- 
jmted by Hale may be cjompromised by tlie vibrations of the coelostat 
tower despite all the precautions to diminish them.' 

We can not leave Mount Wilson without mentioning an extremely 
interesting work which is also going on there: one which has already 
accomplislied i-csidts of the first rank. Wo refer to the observatory 
of the STinthsofiian Institution which, under the rlircction of hir. 
Abbot, proimses to contiriue and extend the work of Ijmgley ujmn 
solar racliation. We ean say tliat the results of these researches 
represent our most aeciirate knowledge upon many of the most im¬ 
portant details of solar physics;, notably, the distribution of energy 
in the solar spectrum, the absorption in tlie atmosphere, and the solar 
eonstant of radiation. 

covcLrsioN. 

We have pas.se(l in review all the principal Americari observatories. 
Tlie more common American traits, you have without doubt re- 
markctl, are the estremo perfection of niechanicnl mEans, an ever- 
watchful ingeniousnesfe und the absence of all spirit of routine in 
their constructions. We arc speaking of tlie United States, where 
evervtliing in the daily life tends to develop practical ideas; and an 
almost feverish activity turned unceasingly toward advancement is 
noticeidrlo in eveiy profession. ilc,inwhile, we should not forget 
that ail these siijierb observatories, all these powerful instriiment.s, 
owe tiieir e.vistencc to the enlightened and regal generoaity of the 
wealthy .\mor1can men of industry. It ia curious to note that tliese 
men whwe energy, at times hartl hearted, has brought tlicm success. 
Bccm more attracted toward science than to those who have failed 
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in the daily stni^le for exietenoe; In Eurc^e, oonverseiy, end more 
especially in France than elsewhere, the few posessore of great for¬ 
tunes tend to leave a reputation, perhaps less durable in the end, of 
philaudiropy. Tlwir gifts, nt least to some extent, might be more 
judiciously distributed, in the interest of the moral prestige of our 
country, to aid scientific institutior* whidi stnigglo so painfully to 
maintain a glorious past. 

Wlmt fortunes, in our annual budget of some 4,000,000,000 francs, 
go every year to the State to bo frittered away without profit to any¬ 
one which, if given to one of our great institutions, would revivify 
their founder's prestige and perhaps yet accomplish great things in 
the future. 


THE FUTUKE HABITABILITY OF THE EAETTI.‘ 


Bj-TnauAs CnBOwsEB 

Of fhe Unircrfti]f of Chicafft. 


Ever since tlie humnn race came to have a virile desire for intelli¬ 
gence it has tried to peer into the future that it mif'ht satisfy its 
ciiriueity and gniclo itself by foresight. Now and then it has tried 
to prolong ik via ion beyond the immedtatc future that it might fore- 
rast the destiny of the race ami the fate of the earth on which it 
dwells- In all these endeavors the depth of its penetration into the 
unknown before it, has Iwen closely tncastired Uy the depth of Us 
vision into the history behind it, and both the look before and the 
look lieliind have been close akin to the depth of its vision into the 
things about it. The light of the present and the lamp of the past 
have been ita guides in the fortHMist. Beyond question this is the true 
method, and iloublJess it will alo'ays remain the true method, for 
only as the race secs far into the past, and ppotws deeply and widely 
into the present, has it any firm basifl for a sure prophecy of the 
future. 

The race did not fail to note even in its early days that the existing 
forms come into existence, live their day, and pass away, hy not 
then the race and the earth on which it dwells? TVTiile it was felt 
that this might not be true of the ultimate entities, it seemed cle,arly 
lo l)c the order of things witli ihe tangible forms. And so it will 
doubtless continue to be as the race grows into its fuller Lotellcctual 
maturity and the horinon of its vision is enlarged, for there will no 
doubt remain the conviction that there has been a beginning of the 
current ortler of things and a like conviction that there will he an 
end. The increased bneadth of vision that will come from research 
will only serve to bring into view still greater multitudes of organ- 
isms that have come into form, endured for a time, and passed away. 
And so any future change in the mode of building up the forecast 

*TLIa peinr Ji MPbUallj lllQ moiff In lalutance as Ihc prMidrntiJil aildcwfeh ftpforp 
Ihe Anarrlcm APSoHiir^ti for ttMt AdTi-ncMaenl of ScImiw nt Omeoh i>ec. 

1901 >, but ll has bek*D IevisIj nod glTon & brl^f^ till* tov palNllH:iitlon In tntf 
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is not likely to be guided by a new fundumentAl method, but merely 
by Lkii increaiied measure of breadth and depth of inaighL 

of the special features that ha^e entered into fornier prophe¬ 
cies will quite surely disappear and new ones will no doubt be added. 
Tlie forecasts of prescient!fic times often made the doom of the earth 
hinge on s^>me lapse in the conduct of man; made a physical disaater 
serve iia a moral punialiment. But with a truer insist into the 
bfii^is of moral law and Uie place of man in nature this anthropic 
view will no doubt give place to n more cciniihftcnt conception of 
sequences in the moral Jind the physical worlds, 

fn the earlier days of tlie race the backward look was? Rhort.^ and in 
fitting accord with this the origin of the race and of the earth wa^j 
put only a few thousand years tiefore our limes^ In strict consonance 
with ihh the forward look seeme^l to disclose an end but little ahead. 
In much the same tenor also the hegirming was made chaotic and 
the end cataclysmic. 

The dawn of the earth sciences was followed by a new forecast, 
and as the scjeni;:^^ grew this forecast was repeatedly enlarged^ rc- 
and recast. It was karn»l tiiat the history of the enrth 
stretches back not merely for thousands^ but for millions and lens 
of millions of years: that tlio ongoings of ihe earth aro actuated by 
energies too frreat to be seriously swer%'e<l from their orderly course 
or brought to an end by the acts of those who dwell upon it; that the 
march of earth history has a mighty tread whose moving force feels 
no serious influence from the merits or the lapses of even our potent 
ram 

The tirncl of proplietic thought under the mspiration of strience in 
the last century mvites a closer review. The ground of forecast lay 
mainly in the views of the origin nf the earth then current, in 
the courw of tlie earth’s pa^ histoty, and in the trend of those agen¬ 
cies tlmt contrtd the conditions of life. The solar system was then 
thought to have sprang from a gaseous nebula, and the earth, as a 
member of the system, was assigned a place in ttic gaseous evolution. 
It was itself pictured as a fiery gaseous globe, We need not here 
turn aside to review the special phasca of the dominant hypothesis or 
of the quasi-gaseous meteoritic hypothesis, or pause to pay honor to 
their great authors, for the sole feature that entered, potentially into 
the sliaping of the future of tlie earth was the gaseomolten state as- 
sigiied the g\oW nt its genetic stage, and in tills feature all varieties 
of these hi'ipotheses ewsentinlly concurred. A crude alternative view 
waSj indeed^ offered in what was little more than the rough suggestion 
that the earth might have groivn up by the infall of small sporadic 
bodies, but this did not gain the assent of Biudents of celestial dy¬ 
namics fanjiliar with all llmt Is Implied by the symmetry^ of the 
system* On tfir contrary, it was held that the rotations of the planets 
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implkd a partition from a rotating mass, and so a ^iiesis from a 
gaseous or qiiuai-gascous body was almost universiiily aoceptod as by 
compulsion. 

Starting as a giuseous globe, an early passage into a molten sphere 
wrapped in a hot vaporous atmosphere was logically assigned the 
earth. The atmosphere was made vast to cnntaiti iiH the water of 
I lie globe and tlic volatile matter that the lieateil conditions were pre» 
Slimed to have generated. At h Inter stage a crust was msugnod to 
tlie cooling globe, and the waterij, condensing on this, gave the infiuit 
earth tlie swaddling bands of a universal ocean. On further cooling, 
shrinkage and defurmatiou were supposed to follow, the waters to 
t» gathered into basins, the land to appear, and the formation of 
earth strata to be^n. 

It U important to note that the main agency in this liypothetical 
history was the loss of heat, and so, with logical consistency, lofsa of 
beat was made to lie at tiie bottom of the great events of the earth's 
histoty down to the present time, and, in framing a forecast of the 
future, loss of heat wns made the chief cause of die earth’s prospec¬ 
tive doom as a bahitahle planet. The whole history was interpreted 
as a stupendous declension. From a plethora of heat at the outset 
loss followed loss till our semiglaciul stage bus come, and, by proph¬ 
ecy, loss is to follow lofsj in the future till the final winter shall come. 
Starting with a plethora of air and w’ater swaddling the earth, los 
followed loss till our emaciated stage lias been reaclicd, and loss is 
to follow loss till drought shall join frigidity in marking the final 
state and the end of all life. The details of this inherit^ picture 
were not watitingi As the body of the earth cooled and shrank, the 
waters were [UTmitted to enter it and by union with its substance 
lose their fluid state. In like manner tiie sir, entering the earth 
and uniting with it little by little, depleted tiie smothering atmosphere, 
leiiscned its oppreasivo weight, tempered its noxious nature until 
it was compatible with low life, and later with higher life, and at 
lengtii brought it down to the present stale. Projected into the 
future, the forecast tells of further depletion, with the pauperiza¬ 
tion and at length the extinction of Life. 

Tlie slirinking of the oceans more nnd more into the deep basins, 
the absorption of the waters into the body of the earth, and the pro¬ 
gressive cooling and emaciation of the atr were logically supposed 
to j'oin in progressively reducing the vapors that rose from the 
waters. At first, hypothetically, a deep warm mantle of cloud clothed 
the whole earth, and thb shroud was thought to pcishit halfway down 
the geologic ages, giving sultry, lowering climates in all latitude.^. At 
length, liowever, tlits mantle whs pictimKl as giving place to rifted 
clouds and clearer skies, and still later to mild ariiiities, to be fol¬ 
lowed in turn by desert stages, and these, growing apace, led on to 
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the jinhiiirus of to-dny, which arc even now held bj this school of 
thoiigUl to be ciwpitig out persistently on the oiit-e fertile lands- 
Thus is I'enched our own time, when heat and sir und moisture are 
all running low. putatively, and are tluuj foreslmdowing the predei-- 
tined end in the not distant, future. 

Life history is tlms made but an episode in the midst of this great 
deelensioii from the too hot and the t(Xt much to the too cold and tcMi 
little, Tlie life period mei-ely spans a lap.se on tho slope from excess 
to emaciation. 

The logic of all this is plansibltj the premises once jcyanted. Start¬ 
ing tvith tlie tiypotheticftl ptistulutes, the conclusions seem almost 
necessarily to follow-, Tlie details, indeed, may not all have been os 
mapped, but, the premises granted, the genera] course of progress 
was scarcely less tlmn inevitable. Sources of delay and causes of 
deviation might, indeed, have been found in means that fumhtlied a 
greater or less supply of air, or water, or bent to offset the wivsle, but 
tiw presumption i>f a downward trend carrying the whole along with 
it ifl not easily escaped. 

In point of fact, tlie general conception of a progressive declension 
dominated the geologic thouglit of the lost century- Xol only did it 
dominate the forecasts, but it gave direction to tlie interpretations of 
the geologic record, and in no small degree il unconsciously inQii- 
enced the olTsorvations of geologic plienomena, nnd tlvjs tlominatinn 
continued 'ivell down to the close of the lust century ami is far from 
obeolete to-day. 

But logical and plausible as is this inherited picture of the history 
of the earth, it was hang on tho paiticular hypothesis of the genesb 
of the earth that was then currently accepted. However logical, its 
logical strength was only that of the hypothesis on whicli it was hung. 
[ say logical strength advUeUly, for outside the logic of tho concept 
there was alwuy.'i the appeal to tho reconl. This iippcal was made 
and was thought to bo in the main cordirtuntory. The strata of high 
latitudes wore found to contain relics of life of subtropical typea, and 
this was found true not only of the very early ages, but of ages well 
down tow-ard recent times. Figs and magnolias grew in (irecnlatid 
as late os the Tertiary period. So impressive was the presence of 
subtropical plants iu strata almost under tlie very edge of the Grocii- 
hind ice cap, Qiut it gave deep hold to tliO logical inferences with 
which it seemed to Ise. so strikingly in consonance. Phenomena not 
so consonant with the concept were easily overlooked or lightly 
passed by, as is our wont when too much impressed by what must be. 
It is, however, a merit of modem science that it prompts us to put 
to the front tliat which is and to relegate that wbicli merely must 
be to n secondary category. And so all along during the past oeutury 
the inconsonant elements of the record were gathered as well as the 
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cDDMiiitint. Most of the fortnet were of tlie unobtrii^ive sort and 
iiwnkenetl Uttle qti&^tiotiiog. but fK>nie of ihe facts were startling* 
some were indeed upparently qixite incredible, and qis a matter of 
fact were long subject to lbe» suspicion of being the offspring of illu¬ 
sion or insceuracY. Only very slowly under the inlluenoe of repeated 
i-oiiBrjuRtion did they gain credence. The gathering of tliis iucon- 
sonant data grudually weakened the hold of the iiiherilod concept and 
prepured the way for a reconsideration. 

MeanwhiUs in the progress of physics, a serious sonrcre of cloiiht 
had arisen lesjiecting tiio tenability of tlie gaseous basis of the coji' 
cept. *nie older liypothescs of the origin of the earth wen^ framed 
Ijeforo the kinetic theory of gabies came into currency* .\fter the 
kinetic theory liyd been acceptctl, It urgodj notaldy by Johnstone 
Stoucy, that the velocities of some of tho molecules of the outer air 
must !jo such as to give rise to tlieir escape, and thus to put ii limit 
to iliD amount of atmosphere which iUe planet could liold. When a 
test of this type was brought to Iwar on the vast hot atmosphere 
assigned tlic prim ill ve earth, it gave rise to doubt as to the physical 
ten ability of the concept. 

Weakness also arose in another quarter. One of the main props 
of the gaseous and quasi-gasoous liypothe^^ of the earth’s origin^ w as 
the con cl legion that a condonation from my other dispersed state 
than the gaseous or quasi-gaseous would leatl to revolutions and 
rotations in directions opposite |o those actually po^ssed by most 
of the pliniets and satellites, A closer examination of this deduction 
uniter the stinuilns of the doubt thnt had arisen from the kinetic 
lest showxnl weakness here also, and even n reversal of probabilities, 
for it appeared that a slow ingathering of matter from a scattered 
dlsk-iike orbital state would give revolutions and rotations even 
more consonant with the actual facts than iivould centrifugal evolu' 
tion for a gii^oous globe, as previously postulated. 

Thus, towurd the clft^e of ttke lust ccutuiy, there arose from differ^ 
ent quarters cogent reasons for a restudy of tl>e whole subject. 
Further ^^cmtiny added new sources of doubt, and in the end the 
tenability of all tho gaseous and quasi-gaseous hypotheses! wiig chal¬ 
lenged and it new genus of hypotheses, bised on orbital dynamics, 
in contradistinction from gaseous dynamics, was offered instead. 

It IB not appropriate for me to say that tins challenge w’as. suc¬ 
cessfully sujipoi'tCiK or lliat the older concepts of the earth’s origin 
are to be laid on the sliclf. As an advoc-ate of the method of multi¬ 
ple working hypotheses, it belongs to me rather to lx!g of you to 
keep in use—go far ikS you find in them any working quality—all 
hypothoa* that yield any wholesome stimulus to inquiry* 

iliidi lesEs would it be appropriate for me to wfHrn; that any form 
of the new^er concepts is entitled to take the place of tho older in 
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your compUitP mnfidencc^ Tbe Ana] 0djudi<:^atif)ii of n ^^netic hypo¬ 
thesis of such P. remote Hud oomples no eveol as the birth of the 
eurth Eiiicl the q^stem run only eome of pi-otinctiHl scrutiny !>y 
means of divots forius of eeurcbtng aitJitly&es and trenchant lo|^ie, 
and of long: pi^ticnt trial in te^in^ the hyjK>thesi2i by the muUI- 

ludinoiiB phenomena constantly comitig^ to light from the earth, the 
isolar system, and tlie heavens l^yonxL 

It 13 ^iiflkient warrant for the present review, however, that not a 
few Incisive students of celestial dynamii:^ have bixui Jed to seriously 
m-onsicler the foundations of the hypotheses of earth genesis, and 
tliat not. a few geologists have been led to scnitirii^e wuth reiiewijtJ 
care the inference and interpretations that have been Imng upon 
past theories of earth genesis^ Whatever may \}Q your |>ersr>n»l 
leatuiigs, you w'ill no douhl agree that it seoins less peniiissilile now 
to haing prophesies of the future upon challenged hypotheses of 
genesis than it might once have tieeji, when a a^rtaiii hypothesis or a 
certain class of hypothtsies received the almost universal assent of 
those who seemed then best qualified to hold opinions respecting 
them. 

It does not seem to be going too far to say that whereas we for¬ 
merly seemed shut up to hypotheses of genesis that sisssigned the 
earth a gaseo-molten state at the start, it now seems to some of us 
at Ira^-t tlial the earth may have inherited a quite different slate from 
a alow growth by the iiigsthering of small bodies of a plunetesimal 
nature* If views that are ill us fiindament4iny diverse are [K;rinii=-dhlG, 
and if tliese give rise to a wide mn^ of alternai.ive working concep¬ 
tion*?, we are freed from some of the eoiisdmints of Inlerpretarion 
that have homperetl our reading of past history and erdontJ otir out¬ 
look upon the future. T^et Us, therefore, pass in brief review the 
Statics assigned the earW earth by the newer conception of earth 
genesis that we may gain a concrete impression of tlic line^- of inter¬ 
pretation it opens to uSj and then let us turn to the critical phenomena 
of the actual reconl as the more solid basis for a forecafit of the 
planetfuture. 

Quite in rontrnat with the older pictures of tlic primitive earth, 
the planetcsinial hj'potlic^Ei^—and thia is entitled to be taken as the 
type of theories based on concentratioti frenn a scatteriecl orbital 
state—postnlates a solid earth growing up slowly by accessions and 
coming to Imj clothed gradualiy w ith an atmosphere and hydrosphere. 
Tlic earth, the airland the water are made to grow up together from 
smaller to larger volumes without necessarily attaining a very Idgh 
tempera Lure. Tlio sources that at the fiivt had furnished the body 
of the ocean and the air, though they fell off as time went on, still 
continued to serve as means of replenishment, and to act as ati offset 
to the ftimilinr agencies of Joss far down into the hitcr ages, if indeed 
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they lire wot still in fniurtion in soine d^reei And so^ far from as¬ 
signing n vast atmospheric and oceanic supply a I the start and bring¬ 
ing to bear on this a progressive depletion all down the ages* the 
newer ’idew starts with a much more limitect supply and rests on 
11 tea ns of continued feeding as time goes oji, and'makes this feeding 
run band in bahtl with the secular losses in more or less equal balance 
after the initial stages of growth wet’C over. 

The cpieslioii of the future^ under this vieWj is not how long will 
the reninant of tlie original supply last, hut rather^ how long will 
the past and present degree of eqiiilihrinm between loss and gain 
remain effective? The equilibrium Ls held Up be oscillatorv' lint the 
limits of o^tllution fall within the limitj^ of the conditions of life* 
The specific question of the futuret ^o far as uur mce is concerned, is, 
hoAv long will such a degree of equilibriuiii as has prevailed In Uio 
past continne to prcs^urve the critical conditions prerofjiiisite to life? 

The question in thb aspect turns us quite aw^ay from any serious 
cooceni respect Lug original abundance and centers attention on the 
geologic record iti>elf «s an index of past competencies In particu¬ 
lar it turns attention on the agencies of equilibrium to see if there aro 
sigaa of any fatal weakening of competency. Art the chief agencies 
which have controlled Ufe condUions for tens of millions of yeiirs 
still in good working order ajul likely ti> continue effective for a 
long em yet to come, or do they show clear signs of declining power 
portending an early failure! 

Let us enter a little closer into a study of the specific factors on 
which life depends^ though we may not go far- 

Tlie ancient fear that the end of the cartJi will come by cataclysm 
ia not yet obsolete nor h it theoretically quite impossible^ but violent 
agencies are mnong the lensl to be feared. Volcanic or seismic con- 
vubiions may be imagined to put life in jeopardy us indeed they 
often actually do locally, but they really offer no serious menace to 
Ufo in geneni], ^ud they lio not ap[>e!Lr ever to have done so in the 
known ages. The spectacular destructiveness of these boisterous 
agcncicJ^ deeply impress the emotions^ but they contribute but an 
infinitesimal fraction to a sober computation of the effective sources 
of loss of world life. The roal peril, if peril there i>e to the whole 
world life, lies in the deadly unbalancing of ageucies of Qie quiet 
sort. 

The conditions essential to the mBintenauce of the habitability 
of the earth are many, but the more critical factors eitlier lie in 
the atmosphere itself or arc iiitimalely associated with iL ITie fact 
of keenest interest is the narrowness of range wdthm which the 
critical conditidns are confined. Any of the c^mstituents of the at¬ 
mosphere or nil of them might easily, it would seem, Iw ton scant or 
loo abundant to be cousistcut with life uS now organized. In a 
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periiliar sense it would seem that this might be trite of carboD di¬ 
oxide, for it Ls one of the letist of the constituents Jind is one of 
the most active cbemically. and has cotne thereby to be preeminently 
the critical constituent of the titinospberc. Some small proportion 
of tlnJS element is altogether necessary to plant life, and so to animal 
life dependent on plant lifc, while a large proportion of carbon 
dioxide would be fatal to air-bi'eatldug animals. If the three or 
four hundredths of one per cent now present in the air were lost 
all life would go with itj if it were increastul to a few per cent the 
higher life would lie suppre^^J nr radically charigied. And yet the 
theoretical sotirctw of sitpply are abundant encjiigli for im agin a bin 
ilisoster of the one order, while the agencies of depletion have theo¬ 
retical efliciency enough for imaginable disaater of the other order^ 
But neither Srylhi nor Chnrybdis has swallowed up the living king¬ 
dom. There seems little escape from the condusiou that ever since 
the birth of air-breathing lifcp some 30 , 000^000 or ^0,000^000 year^a 
ago, let US say, the interplay of the oppcj^ing agencies of supply 
and depletion ha.^ been aa l>alanced tluLt neither fotal excess nor fatal 
deficiency has lieen permitted to cut short the history of the higher 
life. 

The dangers of excess or of deficiencj' of the oilier constituents 
of the air are indeed less narrow as named in percentages, but they 
are scarcely leas real in theoretical possibilities 

Tlia wcH-beiug of life is also hemmed in Ix^tweeii a suitable pro^^ 
portion of ruoisture, dependent, on an adequate water surface, on the 
one bund and a diluvial excess on the other. XJjiiveraal ddugisi 
and universal desserts would alike be disastroiB to our race, A few 
thousand feet more of water dcptli or a few thousand feet less would 
alike exclude our race and seriously restrict the class of life to which 
belong. 

In even a more serious way the habitability of the earth is condi¬ 
tioned on a range of mean temperature of some such measure as 100^ 
C, roundly speaking* The higher life is in fact confined to a nar¬ 
rower range. Tliis is scarcely 5 per cent of the range of uatural 
temperatures on Uio t?arth and a still smaller per cent of the range 
in tlie heavens. A few miles alxive us and a few miles below us 
fatal temiatraliiiTS prevaih It is deeply significant that the themml 
states of the narrow zone of life on the face of the earth should have 
been kept within so close a rangy as to permit niiliious of special to 
follow one another in fonuiug the great genealogical lines whidi lead 
continuously up from the primitive types to the present ones witliout 
breakage of continuity in all ihe ages, while the prevailing temjHsra- 
ttires a few nulcs below them and a few miles above them, aa well as 
in space gene rally, would have Ijcen fatal* Wliile this constant and 
necessary supply of heat has come from the suU; the control of tern- 
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peratiire ftt tlie surfiic^? of th^ cartli seems none Llio le^s to bo inti¬ 
mately dopondent on the atmosphere and to cotistUnte a funher mdex 
of its critical character. 

To appreciate the full signiJficaiice of so elfectiFe a control t>f life 
eonditionB poised thus bctTvwii oiicess and deficiency^ ^vitli the danger 
line close on either handj wlnh the pusjjibilitics ^ven? free and so 
wide, there h need for some nieaaiirc!: of the time IhroogU which Lhe 
delicate poise lia^ been lield- But there are unw no means for any 
close measure of the geologic iigcs: there are meridy rough estimates 
which give the order of magnitude. Life was far wdvancevl in its 
career when first a readable record was maile; but yet^ since that 
record lirgan, 100,OCN) feet of sediments tii least—not to choose the 
largcid. estimatiss—have been laid down by the ^low methods of w ash 
from the land and lodgment in the basins* Tlio number of years this 
implies has been placaxl variously from 50^000.000 to 100^000^000^ 
withj indeetU higher figures as well ns lower. Merely to roughly 
scale the order of magidtudc without preten,'^ of accui:acj% let ns take 
the midway figure of 75,000,000 years as representative. Let this l>e 
divided into 15 periods which niay be made to average 5,000,000 years 
each, find tliese will n^uglily cepresent tlie tef.’hnical “■ periods ’ nf 
geologists. By this rough scale we mny space out such of the great 
events as we need now to review. Tlicse events arc such as tell ns of 
the states of llie atmosphere and of the temi^emtures that prevailed 
on the surface of the earth ut a sufEcient numl^r of the periods to 
show the gcncrnl tenor of past hi5>tory' in matters critical to life. 

Xb an iude.^ of arid conditions we tiaturally turn to the prcHlucts 
of evaporation. In interpreting there is need to note that there may 
be small excesses of evLipf>nition over ptecipitathm without giving 
rise to appreciable deposits of evaporation products, for in [ilmost 
all cases the area that a:il1ects rainfall is larger than the port ion of 
the basin that actually holds it, Ikccanse some point on tlie rim of tbo 
ba.sin is almost inevitably lower tbtiri the resh ciud this lowest point 
permits the accumulating waters to drain off to its level, so that it 
is ojily the smaller ivater surface thus left that is exposed to contm- 
noiis evaporation and takes part in the concent mtioti of dtss»olved siih- 
stances into beds of stdld salt and gypsum. Tt is ihcrt^fore fairly safe 
to infer a decidedly arid climate when beds of salt and g3*i)smu Eire 
found spread over wido areas, espechiUy if thc^ also bear apprts- 
priate physical characteristics and if the adj acent deposits are totally 
free of life or carry only fossils of such types of life as can tolenite 
a high degree of salinity, or such as show signs of depauperisation 
by the adverse conditions of aridity aoil ^linity. 

Now, exteirsive deposits of salt and gj psum arc found in the Salt 
Ttange of India in strata of the Cambrian f>eriod, the earlic^ct of the 
15 periods that make up onr rough scale of 75,000,000 years* Because 


3S0 ANN17AL REPOET SMlTTlSOKIAK INeTlTmosJ, IDlO. 

these sulHieiiPiiig Virata lie iteiir the iRrginiLing of the t^^dable 
retard of life they are sLngukrly inEtnictive, for they gire an loalght 
into cliutatle eojidilions well back Loward the primitive sstaie of 
tilings. They chaUenge at once the view that in these early age^ tlie 
earth was swaddled in a deniic vo porous atmosphere from pole to 
Ijolej for under such a vaporous toantk n brond desert tnict in India 
seems scarcely creiUble. 

If we come forward in time two periode to the deposits of Silurian 
we find great shceU nf salt and gyi^tim underlying the SL 
Lawrence Basin in New York and wesLwanl, with a spread of iiuiny 
thousand si]iiare miles. In ssome parts of the act^fimpanying l>eds 
there is complete barrennesij of life; in some other parts the life 
seems to pauperized, or to be only a remnant selected by hard con¬ 
ditions fruiu an ampler fauna. The physical characters of tlie de¬ 
posits of sand, silt^ and lime seem to add strength to the inLerpreta^ 
lion that this great area where now^ lies a part of our great lake 
tern WHS affected in Silurian times by an aridity that gave it scarcely 
less than a desert aspect. These signal facts Join with thope of the 
Salt Range of India in challenging' the former picture of a iiniversa! 
envelope of vapor and clond in all those early times^ while it is in 
keeping with such a diiTrsity of climate as has prevailed in loter 
Hgea, 

Tn the nest period there are forjuations that have been interpreted 
as implying desert conditions, but the evidence is less stning: and 
we pass on to certain stages of the sub-Carboniferous period nest fol¬ 
lowing, wherein beds of salt and gj'psum arc found in !Mi>ntana, 
Michigan. Xova Sw>tia, and Australiat thus implying wide but not 
general Firid conditions. 

Passing on hi the Permian and Triadic periods, nenr the middle 
of the geolo\gic series, beeb of salt and gj’psum are found to be phe¬ 
nomenally prevalent on Imth tlic eastern and western continents, with 
a surpriring range in latitude. The relative paucity as well as the 
peculiar characteristics of the life of those times seems ciiually to 
imply vicissitudes of climate in which aridity was a domiimiii ele¬ 
ment. There seems no tenable way to interpret these remarkable 
facts of the middle jjeriods except by assiiming an even greater prev- 
idenoe and intensity of aridity than obtains at the present duy. 

So, too, at certain times in Inter periods, but at certain times only, 
the stratigraphic record impljes atmospheres m arid as those of 
to-day: not everyw'here, indeed, but much as now,, in particular areas 
and at certain horisKim^ 

These signidcant fact.^ make uji one group of plienumeiia; but there 
is another side to the picture. 

If the record be marched for facts of opposite import, they will 
come ea^aily to hand* Indeed^ as already noted, they seemed to the 
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early ^ologists to be tiie more intrusive^ In tlie early part of the 
rwHi^nl it seoULS peeuliurly easy lo find eonvijiciJig evidences of stages 
marked bj prevailing humidity^ by great unifomiHy of diinatOt and 
by conditio JUS Longenial to subtropical life ranging through iridc 
stretches of lotitude. If we continued to center attention on these 
iiloue, tJje ohl view would now^ heretoforCj seem to be sustained^ 
I kit tlipj^e tvidenocs do not abound at all horlssoiLs and the view is 
selective. Between these horizons lie the strata that bear cvidciiijes 
of marked aridity as well as tho^ that l^ear the still more impressive 
evidenoes of low tempera lures to which we shall turn in a moriieiit. 

Combining the t^vu sets of facta of liiverse iinpdrtf we setuii f^weed 
to recogiiisH? limt firnii the earliest known stages of dn^inct life rwwrd 
there Iiave been times and places of pmnouneod aridity much as 
now^ and sometimes even more inlenset while at oilier times find 
places intervening between tliesei, humidity has prevailed. 

This picture of nlternations grows in vividness and strength if wo 
turn from states of atmospheric moisUire to states of temperature. 
The body of scientific men have rarely been more hesitant in accept¬ 
ing any interjjit^Latinn of terrestrial phenomena Llian tiiai of the 
ghidal invasion of the lowlands of Europe and America in mid- 
latitudes when that view was first advanced by Ivouis Agassiz. In 
the face of the then prevalent view of general warmth as the domi¬ 
nant characteristic of ail the earlier ages^ it seemed la-'yoncl belief 
tiial great slieet^ of ice could have crept over large areas of the 
liabitable pari of Eui'Ope and America even in the geologic stage 
just preceding our own. The acceptance of this view^ was^ however, 
made sonic what li^ss dllficult by the belief, also then pi'evjileril, that 
the earth had greatly cooled down in the progr^ of the iiges^ and 
that concurrent with this the ntmoftphero had been miich depleled 
b3' tlie formation of oxides* carbonates, coal, and carbonaceous mat¬ 
ter. and that the ocean had been reduced by hydration and by physi¬ 
cal penetmtioii into the cart In By the combined influence of these 
it was easier to believe that a i^age had been reached that made 
pc)ssit>le an epoch nf exceptionally depres^d temperature aitendctl 
by ghiciation. Tliese special pleadings were in eminent hannony 
with the inheritctl view of a great thermal declension as the master 
fact of geologic history* and under this influence the ice age came to 
l>e generally regurtierl as but the first episode of n succession of 
secular winters upon which the earth was entering* a series destined 
to lead on to the total refrigemtion of the earth. This presumption 
was furthennore abettetl hy the theory of a cooling atm. The coob 
ing and depleting proccesffes were naturally reganlwl us inevitably pro¬ 
gressive, and so the final doom of the earth sc^'med dearly fore¬ 
shadowed m the near futnret geologically speaking. 
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But opinion hud scarcely than settled do^Ti to this ijiterpreta- 
tioii^ with n relucteiiit acceptance of the glacial e%ndeiice* when the 
j^olfjgists of Australia, of Indjiu ond of South Africa^severally and 
in<lepejidenlL>\ and later of South Ainerien- braught evideneets 
of still earlier gladution piievaleiit over wide areas in tho^ low 
htitiidci^. Tlic ujarks of glaciation were altogether typical and 
were tnu-ed tip to and even Bomewhat beyond the tropical circles 
from bf>th Sides and in the same r|uurter of the glolw^ from Australia 
on the south and from India on the north. More<iver, all these cogent 
eiddences were reirorted for si nit a referred to the Permian or Permo- 
Carl>onifcroai> times^ i* from about the niiddle of our scale of 
technical time periods. For a wiorti of years the body of geologiste 
who could not personally inspect the evidence doubted its interpreta¬ 
tion as surely indicating the presence of ice sheets in those low 
latitudes and at that early timej but the evidence under constantly 
jenewtHl and brujidened scrutiny by traincii glacialists steadily grew 
till it iiecatiie irrefiiltible, Phere fi<TiaPi now no rational ea'ape from 
the conclusion that mantles of ire covered large ariuis in the penin¬ 
sula of India, in Australia, in the Bonthern part of Africa^ and in 
South .Vjijojica close upon the bordeni of the Tropics at a time roundly 
liEtlfway haii^k to the t>egiEning of the readable record of life. 

On the basis of evidences of like kind and cogency + Strahan and 
Keuscli, independently, Iiiive i^cported glacial beds in Sorway at a 
much earlier gvologicnl liori?rOn. but one not cl«isely detcmiinate, 
Williii and lilaclovclder have described glacial depc^iU of early 
Cambrian itge in the valley of the Vnngtse in China in latitude as 
low as Til'' Ilowc'liiii tind David have ditfscribed glacial forma- 
tionjj of similar age in Australia^ in the last tsvo cases the glacial 
bed^t lie l>encath -slratn that bear Cambrian trilohitcs; in other words, 
they lire at the very bottom of the fo^il-bearing sediments^ 15 
periods back, or 75*000.000 years ngo. on our rough scale. Prof^ 
C-olenian has oJlcn^d wdiiit he deems good evidence of glaciation 
much farther back at the base, of the Huronian terrane in Canada, 
huti some skepticism ok lo the intc^rpretalion still lingers. 

Even liiort' pointedly than the epocha of aridity previously cited 
do these early e|XKfu> of glaviatinn irreconcilable with the old 
view of a hot earth, Linlversally w rapped in a vaporous manLle in 
early t'mies. 1 hey favor, if they do not force, the aUemntive view 
that the nDcienl climates were marked much as the more modern 
ones have been by pcriiMlic and local oscillntions and intensificationsj, 
and tliai life wos nble to survive nil of these in some part of the 
g)obt> if not in most parts. This wiimints the hope, if not the 
belief, that life may survive similar oscillations and intensifications 
again and again in the future as in tho past. 
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At the present time ^IticiaUon in ilie point regions find on Alpme 
heig:hta is contemponanc^nia with desert conditions in extensive beits 
where the sjaienijitic circulation of the atmosphere favors ariditj* 
Tiicre lire reaj^f>nH for thinking ilmt in the past glaciations and 
nriditv were related to one another in some similar wa>\ and that 
they cooperated to give an aspect of markinl vicissHuJe to the 
climates of certain geological epochs. It b to lie observeih however^ 
(hat the epochs of glaciation now known are fewer than tlie epochs 
of aridity, and it is pmlxible that aridily lias been a more romman 
phenomenon flian glarintion, 

Set over agiiinst the adversities of desert and icc there were stagey 
ns already noted* when nbnndaijt life, bearing all evidences of a 
wurm-tcanpernte or ^dibtri'ipicaJ habitat, floiirbliei] in high Intitudc^, 
In Greenland^ Spitzbergen, and other H\rerie lands—and we have 
recently learned also in Antjii\;tic lands—are found relics of life 
not known to tx?. able to live e;scept in ii genial climate. These qoite 
clearly point to stiliinipical coiidiiiona at certain former times 
where only frigiiJity now rcugns. 

In tile tight uf ihese coptrasteij states of ice and desert on the 
one hand anti of geniality anti moisture on the otlior, hiterveiiifig 
between one another in unexpected laliludesT we seem forcci] to the 
view that profound climatic nllemations followed one another 
tlmmgliout the whole stretch of known geologic timc» These inuy 
have been oLtended by variations in the constitution, as well as the 
condition of the aimosplion?* 

If we turn to the relations which the gi^eat waters have borne to 
the gn^at Inrids^ an analogous ^series of ^iseillations is presented ; nnd 
there b ground to suspect tlint* tlio oe^cillations of the criuiates had 
some casual cnnnecrtioii with ihe oscillations of tlie land and sea. At 
no time since life l>egiin b there clear evidence of the absence of bndj 
nnd certainly at no time is there evidence of the absence of an ocean* 
w'haiever theoretical Ticw'& may la; held of the earliest unknown 
egcs+ llio conviction seems well sustained that the land areas of the 
Arcliean and Proterozob enis were conipariible to thc^fia of the pres* 
ent day both in extent tind in lijuitations, in the sense that Uiey were 
neither iinircrsBl nor absent in these earliest, known times, Follow^- 
ing down the hiftlor 3 % tlie lands seem at times to liave Ixieii larger and 
at other times .smaller than now. There appears? to have been an 
unceasing contest between tlie agencies that made for the extetisloi] 
of the land and the ngcncies that made for the extension of the 
sea. While each gained tempera idly on the other, complete victory 
ne^er nested with either* From ni?ar the beginnings of the read¬ 
able rccorel ihere apiwars to have been an unliroken (xmtlnui ty of 
land lifcj and from a like earh' stage an ujibrokcii eontiniiity of 
marine life. Probably the history of both goes back thus unbroken 
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far into the utulceiplieretl eras which priKictlcd the readubk recomK 
and no one to-day can safe I j tiflirm the pi'ecodcnee of eitlier over the 
other on the basis of the phj'sscnl record^ either in time or in gene^bsj 
whatever his theoretical lcfiniiig;s may be. 

Among the agencies assignable for the extension of tlie land are 
such as deform the earth and by deepening its basins and Lncreasitig 
its prutrtisions draw the water into the deeps and give relief oirl 
extent to the land* Among the agencies that make for the oxteniiion 
of the sea are the decay and erosion of the surface of the land and 
the girdling emt of the waves about it^ border* By the unceasing 
work of these gentle, but persistent, agencies, the land is brtmght 
low and the sea creeps out upon its borders. If the deforming of the 
earth body were held in abeyance for an indefinite periocl, the lower¬ 
ing of the land, the dJling of the basins by the in wash and Uie 
spreading of tlie sea would inevitably submerge the entire surface of 
the glpbo and bring an end to all lantl life* Great progm^ in such 
fioa transgression took place again and iigino until perhaps half flic 
land was submerged, but before land life was entirely cut off or 
even very ^rioLisly threatened a regenerative movement m the body 
of the earth took plarcj the land was again protruded and extendcfl 
and the sea again restricted. 

Here, then, also, there havo l>cen a series of reciprocal movements 
whicln while they have brought nltcniate expansions of laud life 
and of sea life, have notwithstanding conduced to the preservation 
of both under shifting stimulating conditions, and have thus inain- 
taiiiOi:! the c!<»alinuity of the two great divisions of life, if indeed 
they have not prtHiiotcd the evolution of both by alternate stn^s^j and 
tension* 

It appears, then^ in tlie large view tliat in each of the great groups 
of terrestrial conditions on which life is dependent, there has nm 
through the ages, vast, as they have been, a scries of oscillatory move¬ 
ments that have huDiighi profound changes ngnin Mtid again* hut 
which have never permitted any of the disasters that seemetl to be 
threatened by tliese movements to go far enough to compass tlie gen- 
ei'al cstinetion of life, Tliese reciprocal movemcEts seem to lie 
dependent upon a balancing of tbe actions of the opposing ageiidci* 
that ha^j the aspect of n planetary equilibrium. It does not seem to 
nw t(,N> iiiucli to reganl it as an automatic regulative system* A 
clear insight into the intimato workings of the complex of agencies 
that cooperate in this regulative system 15 rather a task of the future 
than an attainment of the present, and I am not now justified in 
offering more than suggestions of what may prove to be among the 
main features of the system, in the hope that you will receive Ihem 
with due 1‘eserve. 
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Tbe feaLiir^j of profoundtjst inip«)rtiince from our rwcml {mui of 
view^ the m 4 iiritenani-« of the land vLgum^i ilio incessant encroachments 
of tho sCRi seems to Im as^igniibla to internal agerioioH winch at i>eri- 
otlic intervals briii^ alxait a defnrtiiHtiori of the carih'S body and n 
readjiisliiient of the wateris on its surfat'ie to the chanf^etl capacities of 
its basins^ Tliese actions involve changes also in the wntiu-t of the 
air with the earth substance which increases or diminishes tlie con- 
si i nipt ion of the Eiir by chcniical eombinntioHi At the sanie timCt 
thei^e deformations are probably related to volcanic anti other ex¬ 
trusive actions which feed the atmosphere* Haw far this volcanic 
feeding is juerelj' a return to (he jiir of whiU liad been ahsorl>ed 
earlier it may not be safe here iu say, as opinion is not yet at one 
on this pointj tlioiigli the force of growin^i evidence sedans to imply 
that at least a notable port of the volcanic are original. I'iual 
opinion on tliis point is dependent on wlmt views shall ultimately 
prevail rtispeetin^r the contlltioiis in the interior of the eartlu ami 
these in turn are much dependent on tlie incKlc of origui of t\m earth. 
Pcrhiips it will be ufeiienilly agreed that feeding from the interior ia 
one of the sources of altitosphcTic snppl} * and that it helijs to otlset 
the (depletion causetl by cheniiral union with the earth substance; in 
other words, thni the e-arth body pive^i out as well as takes in at- 
mospUorK- materinL It is nnt nfiparent^ how^Ycr^ that there 1$ [siiy 
special automatic halnncing of llicse opposite proce-^se-s^ such os ap- 
fiears to l>e requisite for maintaitnng the delicate iHljustnienl on which 
die secular continuity of life dcjwrnd-s. 

The occiin acts as a regututor of the altnosphcre by alternately 
^ll>^^^:^^bing into itself uiul giving out atmospheric gases under the 
etmtiol of the eqtnlibrium that exists between the gaffes in the water 
and in !ha air. This act ion is automatic ond appears to be biip<niuiit. 
It has, howevert iU peciiliarilles and its limitations, luid it does not 
seem u* in* wliolty adequate, even when added to the pret-eding 
Ejgvncies. 

If it is fKissible ul the present stage of inquiry to point to un addi¬ 
tional aiitomstic action that promises to supplement the preceding 
in such 21 way as to make up u GniTii>etent regulative Tnechnnbm^ 
it seems to me most likely to lie in the high speed necessarily uUahied 
by some of the EHoleculeH of all atmospheres which ciinses them 
to escape from the gravity of the tajdy nbnul wdiich they aix-; gatlteretl 
and to Ry oil itjto the sphere of coiitrcd of some adjacent bisdj\ thus 
giving rise to nn intercdiiinpe of atmospheric matter, II i^otaas safe 
to aftimi that snch interchanges^ prevaiL but it reinaiji^ to learn hoiv 
effective these intendiangqs may Vic. The results of personal inqnirie^^ 
that have been in progrt'SH for some time iiave not yet been submitted 
to the fnll criticism of tha$i^ best qualilied to test them, and they can 
BM lOlC^— ^ 
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only Iwi dj*ttwti on here with reserv^iion, but they sseem nt letEiat to 
[tronjise iniporfiiTit help in solTing the problem of n regtilrttive^j^tefii* 

A dose aniilj'sis of the moremeni^ of the molecules of the outer 
atmew^phere leads to the bt^lief that the prevailing states there are 
dkiinetly dilfetent from the collisional states that prevail near the 
carttL The niovemetita in die outer atmospheres seem to be in an 
d^ntial part orbital iti natiire^ and this orbital atmosphere may log¬ 
ically be supposeij to occupy in iin extremely attenuate'] way some 
large part of the Avliole sphere of the earths control. There should, 
iimler the same reitsoning, be a Bimiliir orbltnl extension of the atmos¬ 
phere of the sun. and this extremely a Henna ted extend on of the sun^s 
utmospUere should embrace the earth and its atmosphere. Tender 
the laws of ina]ri!ii]ar activity, these two atmmphere^ should he inter¬ 
changing molecules at rates controlleil by the e^piilibriuni that ex¬ 
ists between them. It is logical to infer that any excess above this 
state of equilibrium that may at any time come to aiTect the earth^s 
atmosphere would cause it to feed out into the siin% aphetc of control 
faster than the revenue feeding tofjk place, and that any deficiency 
relative to the equilibrhira state that might at any other time come 
tn alTcct the earth^s atmosphere would lead to a deficient f€>eding out 
while it would facilitate a greater feeiling in from the ^im'n orbital 
atmosphere. If thU logical inference is valid, and if it has tlie reqmb 
site cfRcicncy—which is a vital question yet to ho Bcttled“tho main¬ 
tenance of the delicate atmospheric conditions nNiuisito for the con¬ 
tinuity of life is automatically secured by a cosmic process of a 
fundamental nature. Under this view? the future competency of our 
aluiospherw is not left wholly dependent on loj^sse-H and gains at the 
eartids surface, but h abetted by a system of solar and interplanctaiy^ 
excliaugea of a broadly cosmic order. The endurance of the earth's 
jilmospheres is thus in a measure wrapped up in the continued efH- 
dcncT of the sums activities. 

If the fpu'^lion of our future be thus wrapped up in the problem 
of s^inr endurance, weight must be given to the fact tlsat the sun is 
sending forth daily prodigious measures of energy. But yet theso 
arc not wlicdly without some gains by wny of i>artiiiil offset So for 

present knowledge goes, however, the gains are greatly inferior to 
Ihc losses. So long as tho radiance of the sun was supposed la be 
dcpcndeinl on ordinary cbcuiicnl action, or on the fall of meteorites, 
or on self-contraction, it did not seem possible to forecast an en¬ 
durance of activity mifficient for the direct and indirect needs of ter¬ 
restrial life beyond a few million years. Ttieso few iniUian yeai^ of 
pi'obable endurance were of course a great advance on the estimates 
of the endurance of terrestrial conditions Buitablo for life worked 
out on the old method of estimate. But recent physical invesiiga- 
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tiojis of a revolntiomiry character hav+e discloftccl of energy in 

radioactiTity of nn exttieinely high order. In the light of theif& die- 
dosurq^ tlie forecast of tho pmbable (>ower to energize Huffi- 

cieotly the activities of its own atmosphere and of tnirs* and to warm 
the earth adet|mitelyj h raised to un indeterminate order of mng* 
nitude^ 

We thns find grounds for a complacent prophecy nf the earth’s 
fidnrp linbitability* This pnsphecni' seems to me to gain strength 
from its appeal to a series of reciprocities between land and 
tween earth and air, and between the planet and the solnr center that 
seem to have been potent in all the history of the eartli from it^s gen¬ 
esis to the present time^ 

But if tntditional fears from these domestic sources be dismissed^ 
may we hold onri4elves free from impending dangers from the heavens 
withontt 

So fnr fts present knowledge goes, one tangible pos-sibiUty of di^ 
aster from without onr isystem seems to be contingent’ the possibility 
of collision witli Fome celestial body, or, what is many times more 
contingents such a close approacli to some massive celestial bcnly os 
to lead to oerious diFrtiplive ellecta. Within the solar system^ the 
harmoniefi of movement a 1 ready established are of snrb an order as 
to give assumnee againFt disEtafer for incalculable ages. Comets do 
indeed pursue courses that may, thoorctienlly af least j bring about 
collision^ but comets do not usually appear to possess mas.'^es siiBicient 
to work disaster to the life of the earth, ns a whole, whatever local 
catastrophies might be enffered at the points of imp net. Tlie motions 
of the staiY; trend in diverse directions, so that collislotis and dose 
approaches between them seem, theoreticiilly, poa^iblo anti prsibtible, 
if not inevitable. There are in the hcfivens also many nebulBe and 
perhaps other fomiH of seaftiTecl matter, ami there are douhiless also 
dark bodies^ all of which offer po^^bTlities of collision. Tim appear- 
ance of new stars flashing emt suddenly and then gradually dying 
away suggests the uctual occurrence of collision-s or disastrons ap- 
proachca, Tliough these FCem destructive on their face, and are so, 
no doubt, it has bi^n held that tho close approach of suns is one 
of the regenerative pro^'esse.^ of the heii^*ens, and that by U old phme- 
tary systems are dispersed and new syirtems brought into l>eing. One 
phase of the planetesimal hypothl^^fi^ ia built on thL^ conception. It 
pogtulatca the close approach of some massive body to our ancestral 
siin long agfi, and that by this xtppn>aeh the s^un’S fonner rdanetary 
system, if it had onCj as is thought profiablc, w‘as dispersed, and at the 
^Tuc time the matter for the present planetary system was thrown 
out into a iiebiilous nrbifnl state by the explosive power resident in 
the sun aidcsd by tbo dilferentlal pull of the great IkxIv that wag 
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passing nt?ar- However tills may be^ it must be concedeil that in 
collision and dose approach lie jxjssibilities of ultimate disniptinn to 
the 9 (dar system and disaster to our Hirth, 

But lierei as in other vital issues, the degree of danger is deter¬ 
mined by the. time elements involved. How' imminent is this liabUity 
to disaster 

The distances l)etween the edars are so enomoiis that the contin¬ 
gencies of coilis^ion or disBst.roiis approach lire very remote^ Although 
nothing Init rough computations can lie matle^ and even these must 
be based on a^umplions whose validity is open to doubt, the duinc.^ 
of ti given sun or planetaiy system falling on disaster fitmi collision 
or close approach to lie of some such order as once in some 

few billions of years. There is no star whose neuriicHS to ns or wlio*!® 
ilirection of mol ion la such as to appear to threaten the earth at any 
specific Llino iti the future. There is only the gimeral tlie<irelical 
possibility or pmbabilily when tjjnc enough la allowed. 

While, Ihcreforct there is to be, with little doubt, an end to the 
earth as a planet, and while perhaps previous to that end u state iii- 
bnspitable to life may be reached^ the foreengt of these qouLiiigenciet; 
from tlie point of view herein taken places I he event far ahead in the 
iTidetettiuniito future. The geoh^gic aiialogieft give fair ground for 
anticipating Conditious congenial to life for niillicms or tens of mil¬ 
lions of years to come^ not to urge the even greater possibilltiesK 

This answer lo theipic^ion of the fmure habitability of the earih^ 
even if the coudiiiuns remain cimgenial iu znaiu dues not necessarily 
carry ihe acliuil realisation of llie future opportunities thus o|ien to 
oiir race. Congiuiial coralilinns granted^ there still arise questions as 
to man^a continued biological adaptation, as to the teiincity of his 
vital powers and m to the coriscqiieiiecs of his own dioices of aclion. 
If an appeal l>c made to the record of the animal races for an argii- 
me Jit from snrdogv', it is easy to lirid eoaic cases of marvelous endur- 
aiLco am I some rases of very aliort records, while the majority fall 
betw^een these extreme^^. Many families of animals persisted for 
tiiillions of years, and the average record knowu:! to us is much greater 
than tJie record already made by man. On historical groiirsds. tbeiiT 
a lung cari^*r can not be denied to in an—neither eon it be assured + It 
h an inilividual ruoe problem. It is a special case in the problem of 
races in the largest sense of the tt-niL 

In distinction from the animal races, two new factors of deep 
imjKPrt enter into iho problem of liunian emiuranee, oae tlio power 
of a liefinite mural purpose^ and the other the re^urces of researeh- 
No previous nice has shown tdear evitlencc tliiit it was guided hy 
moral piir[H>se in seeking cuds not immediately before it iind not 
connected with iU physical requirements. In the human race such 
moral purpose hajs risen into a declared distinctness. As it grows 
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with the higher development of the race^ btTond que^tioD it wHl 
ooiizit in the j^crpetuily of or of the ^i^emian into which be 
may evoh^e^ Ko doubt it will come to weigh more and more as the 
re^EJTtivs of helpful and hartnfnl iiidtilgenf^c ere increased hy human 
ingenuity, ig:3Ue±^ will arise as man is put to trial by new^ 

temptations to ttic deleterious and new promptings to rectitude. 
Organic ethic& w'Lll quito certainly become more critical in deckling 
the strains that shall live on ami Uie strains that shall perish, as the 
growing imiltiplicitj of numbers brings iij^m the race with increasing 
stress tho£^; phn«^ of tlie struggle for existence that are distinctivdj* 
human. The ethical factor will, beyond question, be more fully rec¬ 
ognized us a source of perpetuity or as a cause of extinction, accord¬ 
ing as the criterion of tlie sun ival of the fittest shall render its uniin¬ 
peach able verdict on what ia organically good and what is orgunleally 
evilj aa determined by the aetual w^orking teal^ 

But to be most eflicienl, nairal purpose must not only be shaped by 
the highest intelligence^ it niuai be united in action wiih apiH^ific 
knowledge of the conditions under which it works and of the agencies 
which it may control. Herein lios the function of research^-for re¬ 
search is to l3e looked upon as the sole reliable means of Irustworlhy 
knowledge. None of the earlier races made siystcmatic inquiry into 
the condilipUB of life, nor did they consciotiHly seek thereby to pm- 
tnict their racial careers. BTiat can research yc< do for the extension 
of the career of man J IVe arc witnescs of what it U liegnnning to 
do in making the forces of nature subservient to irian's purpOfies and 
in giving him cominand over tlie maladies that hedge him about, 
Can research master the weereU of vital endurance; cun it reveal the 
mysteries of heredity; can it disekk^ the fundamental processes Limt 
condition the longevity of the race? The answer must be left to t!m 
future; but I take no zi.^k in aiSrining that when moral purpose and 
research came to be the preeminent characteristics of our rare by 
voluntary adoption and by the selective net ion of the survival of the 
fitti'st, and when these most potent attributes join in an iinttagging 
endeavor to Compaq the highest development and the greater per¬ 
petuity of the race^ the true cm of humanity will really have been 
begun. 



WUAT IS TERRA FlRilAt—A REVIEW OF CURKEXT 
RESEARCH IX ISOSTASY, 

imth 3 iilAteiJ 


Ry ttAlLFt Witwe, 


What line llie foiuidalioh:;^ uf ilui ciwiU? On what do mouatams, 
nnd ocean Isaiun* rest? When men build they iook it 
that the foundations are firm enougli to i;iipport the weight of the 
!^tructure^ or the building crushes its foundation nnd falls. Are there 
any rocks firm enough to bear the weiglit of mountains or continenL^ 
without crushing? 

The crushing strengtli of rocks^ as ascertained in a testing ma¬ 
chine^ varies fixmi 8,000 to '20,000 pounds to the square inch, and 
their average density is sudi that the weight of a column Z to 
miles high would crush its base. But among moimtains there are 
many that are more than 3 miles high and some lliat exceed o tnlles^ 
Tlieir pyramidal fomi aida that portion of the foundaLiun which is 
1)eneath tJie high peaks, btit it ha^ nevertheless been observed in tun¬ 
neling Umt the rocks are in a state trf great straid, as vrns the case, 
for instance, with tJie granite peiietratecl by the Simplon Tunnel 
licticalh the Alps. 

In the case of « plateau the form b that of a block, and where die 
height exceeds S miles the baf^ probably approaches a crushe<l con- 
<litiou. Tibet thus stands above the general level of the Asiatii: 
Continents Asia itself may be described os a plateau, having an un¬ 
even surface, lait rising on tlui average 3 to 4 miW above the ixittoms 
of the ocean baiiins- Considered* then, a mass whose base is on u 
level with the depths of Uio oceans, Asia b $o high that its weight 
nmat exceed the load which can be supported by rocks^ we know 
theuu The same is true of other continents. 

Hius it seems rcasonahle to think that tlie foundations or rpc}« 
beneath the continents may approach a eruslied condition or may 
actually be crushed. 

Our thouglit has passE.Hl from mountains to plateaus and to couti- 
nents. 'fhe foundations of coutinents compri^ one-fourth of the 
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iMiU?r cniS't, The tlirw-fcmrUiis whicii underlie the ocean 
beds obvionsly are no except ion to Uie cooditioriB de&crHxKl. At 
deptli^ of 3 miles or more tlie rocks l>eneath Lhe ocean basins miiSjt 
al^ bo loaded Iseyond the strength of rocks at the surface and must 
iipi}roacli a crushed condition 

Tills crushed cfmditlon is not. however, that of rocks which fall 
apart when c-rusUed, for the foundations of continents and ocean 
l)eds arc port of the solid earth and an^ continuous nil about the 
pphert*. "^nLere is. therefore, no space into which any crushed mass 
riiay cnimble* The,drength the rock^ may be overcome^ but they 
can not fall apart. Tbi.'t condition has Ijcen reproduced experi- 
men tally and it has lieen shown that marble und even tlie lirmest 
granite may be forced to change fortn, yet Ije held to a colic rent ^lid. 
The rock under these coiiditions itia}' Ik^ compared to wax, if only 
we bear in mind that it remains all the time a very strong solids 

Th(! sione of crusliing without separating has been called the xone 
of flow^ or ilowiige, l^ccause the movenient of any rock mas^ under 
such pressures is compared with that of a wry stiff fluids Hut the 
wan] flow' conveys idea of mobility, and is thus misleading^ It is 
iifcciisnry constantly to insist tliat. rocln^ in the ^sone of ffow*age are 
rigid solids. 

t^olutioii plays nn important part in the flow of rock$. Xot that 
any large mass is dissolved at any particular time, but by the solu* 
tion of a minute grain or molecuie, which then flows fi’om the point 
at which it was disstdved in a point whei-e it k rdleptwitEd. Tlie 
coiidilion which causes solution ia a slight excess of piessure or of 
tetn{>erature or Ix^th \ and deposition from solution follow's where 
tliese slight excesses disappear* Kocka are composed of mineral 
particlvK which differ widely in sohihility and under adequate differ¬ 
ences of pressure the less soluble may Ije granulated microscopically, 
whereas thoi:;e crystals whii^h are soluble in any moisture or mineral 
solution that may In? present are dissolved and then recrj'stallized 
on a pi>int that is less hard pressed. Ttie individual clciEietit of 
motion is miciTiscopic or even molecular, but the sum totnl of move¬ 
ments may tiffect a moss of i5nilxx>ntinental dimensions during a geo- 
login e|KK«h: tbuL is to say, during a TniUion years or f^veral million 
years, iiiort or less^ 

MoveTiicnls in ihe foundations of continents are exceetlingly slow'. 

In the Zone of crushing, 1103 ' mass of limited horizonlal dimen¬ 
sions may lie rpgiirded os the hast of a colmnn that roaches to the 
surface of the earth, lleing crnshiKl by the weight of the lujperin- 
cunilieiit mass it seeks to spread sidewise; but it can not l>ecau 5 e each 
adjacent moss, which is tlic haise of an equally hea %7 column, nho 
seeks to spread in the same manner and to the same degree. If at 
any depth in the zone of crusliing one mass be under a heavier load 
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thnn that borne by iinother adjacent to U, then tJie bii.se of the 
heavier column will tend to spread witli greater hormoiitul forte 
than ibat eserted by the lighter column; bnt in order to cause move- 
menu the escess of thnjst from tlie heavier rauat be greater tluui the 
atiength of the rocks under tlie lighter load. The last conclusion 
follows because ibe material against which the excess of horizoulal 
pressure is directed is held to the condition of a rigid solid by the 
very load that cruslics it. 

It may scctn as though the approximate balance of lateral pr®- 
sures in the foundations of mount a ins, continents, ond oceau basins 
were sufficient to exfilatn the apparent stability of terra firma. But 
it will not have escaped attentive thought timt the pressure Iwneatli 
the mass of the Tibetan Plateau is sufficient to cause rocks at Its 
base to spread near ses level. Or that the continental platenus stand 
so high that their weight approaches the cnisliing sirength of ordi¬ 
nary ivNcka near the level of tlie oceanic plateaus beneath the wateta. 
Any lateral pressures, which may exist at these levels, are not op¬ 
posed by lateral stress from an adjacent mass and stnltillEy depends 
upon the firmness of the ivKks. Since the Tibetan Plateau and 
others stand, and since continents are stable, at least during very 
long periods of time, it would seem that rta^ks under tbese greal 
loads must be stronger than the same mcLs in the testing tnarhine. 
This is no doubt to a certain extent true, and there is snme experi¬ 
mental evidence to show that the rigidity of rocks increases greatly 
under high pressures. 

The resistance which any solid offers to a pennanent change of form 
is known to physicists as the viscofiity of tlie solid, and it may smfely 
Iw said that the viscosity of a solid increases under prCiSurea applied 
from all dircetions in some ratio for each particular sul>s1am'e that 
is ns yet unknown, but which, no doubt, gives the rigidity of steel to 
rocks a few miles below tlie surface of the earth. 

Here we must introduce the idea of time. There is ovidenee to 
indicate that the huge masses of continents are not firm enough to 
maintniti their alliludc permanently; Lhnt in the lapse of ages they 
do spread laterally with a glacier like moliuiii and that the spreading 
lowers the surfaw. When this hapjjens to a continent that has 
ulrcadv been reduced by erosion to a low plain, tbe conditions are 
peculiarly favorable for submergence of the land Lieneatli llie sea. as 
lias repeatedly occurred in the history of continents 

Theie is, ^rlhurmore, abundont. evidence to show that at other 
times the bases of continents have been compressed laterally, squeezed, 
as it were. This effect has long been attributed to a contraction of 
the earth in cooling, as was first suggested by Dana, but the advances 
of geologic knowledge have greatly strengthened an old objection 
namely, that contraction by cooling k inadequate to account for the 
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uni (HI lit of compression wbicU the cundnents have ^ulferiid. Wliik 
ive know that eonthient^ hare, b^en squeezed^ it is not known that 
ocean beds have been siinilorlj^ affected. Tbc broad flat ocetin bnt- 
lorns have ralJier tJie form of siirfaoe of a uiass whiob fltittena and 
spreads under its own weigbL The writer has sug^gested that, the 
spretubng ma££^s below die oceans may squeeze tltc nuiaisis la^iieiith 
the continents, and finds a enuiw therefor in the fact tiial o cubic 
mile of the former hi heavier than one of the latter. This brings 'Us 
to the idea of dilfctences of density in the earthcrust. 

As far buck u.h IS^ on Englii^b physicist, Airy, entertained the 
idea that soiue parts of the eailh^s crust might W heiivSerj .some 
ligliter, and in iSTw he rontiihuted the suggestion to a discussion by 
Prair of tile attraction exerted by the Himalaya McHintaitts, In 
roum^ of surveys iu India it had been found that tlic great ma^ of 
that nioutitujn range exerts an attraction^ which was, bowevect much 
less than it should be according to caleulalioUi if the mui^ t>eneatli 
the liimalnyiis were of the same density as that beuealb the peiiiii- 
sida of India, Ilent^^e Aiiy and Prutt suggested that the mounteias 
niu-wt I JO lighter.^ 

AITien Pmti wrote iu 188.^ no one douhtciJ but that the earth bad 
€t¥>led froni a mol ten conditiosl, become covered witli a rigid cru^t, 
and fiually a^uined its present eoti6|piraliuii witli all the detail of 
(xwu biisLfa^ cemtinents, and moiiritaius. Although Pmtt and Aiiy 
did not wholly agree^ they Uilh cNplained the lightness of the nioiin- 
tains by ivasoning hased on the processes of cooling mid floatation 
of the rniHt on the Mtill fluid interior* Now that it is known that 
the eaiTh has the rigidity of steel and can not possibly lie liquid 
w iLhiii, the latHiH of tlieir reasoning lias dinappenred Jind their theories 
are no longer eiiUrluiued; but the inference as to ihe liphtuc^w of liie 
mounUdns haw been conJirmed not only in irganl to the Ilbnalaya^, 
hut for uiHuy other mounUiiri range^i. It has also been shown tliaL 
ocmtineutiil rnasscis an? relitively light as compared with lie- 

nc^ath tile tjceans And it follows Unit if we think of a coUmin bc- 
ncuth tlie continent and one beneath the ocean extending down to a 
t!omnion kveh the taller ^■ohl^U) of UglUrr niaterial cau be of the 
Sfiii]& weight fts the shorter colunm of heavier matcriah The two 
columm might then balance, each tither or bo in ecjuilibriuni. 

It si^nied protiable lo Diitlou and CiiP>ert 2Q yeor^ ago that tliLs 
relfitiou of equilibrium w^as cbarmctcristic of the that maki^ 

up the outer earth. Ihittoii dlsou^d the problem in the following 
tenns: 

If tiic fflirtb were cimujxmipU of lioiuo|;neaaa matter. I la qornml a4rtm? of 
wUtJOUt irtraiu, wuiild a tm# sp|k-i:<ilU uf revelutl«>^ but If 


< rrfttn j- a irrmUtf^ on atfPirtltrtM, ri^ctloiu, AIU] the ^Hairn of ihfr 
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il aoniu purtH wete d^i^r or llifbtcr tlum ItA uormnl 

(iffiirn would no Joti^er bo B];i1ijero[dtil. Whoro tlio II®liter mnttor was aoouiiiu^ 
ijitHi tboro would bo n tonaoiiej;- to balce. ond wl>i?ri^ ibe itoiu^r mnttor existed 
thore would bo n tondL-iirj to llatteu or depress Use r^rfeco. Fur tbin coudltloii 
of oqnblbrluiii of lluure* to wliieh sravlifillon toadB to roduee o iiStLiiotnri' tMsdy* 
lrreB|tectli^e of wlwthor It Ijo boruOitetieouA or ftot* I propowe llw niimo t«o#spmy, 
* * * Wo nmj uliM Utir the corteoy^ndlu® adJoetSvo* Lsofitat^. • • * 

Tbf ijtiesclon which T ptoiwjtse \n: '"How iirarlj doeo the mrUi'# fltfure upproitcb 
to tpootaiiyr* *■ 

Gilbert,^ in a moasui'e^ proposed an rnuswer to Duttoivs <[|uesiion. 
He Uiid enguged in originiil stiidic^ of Ute ri|ritlity or strengtli 
of the eiirth*is rruid mid iuid caleulated that there was u limit to tbr 
ums^ wlncb h eould support wiibout yidiling. Hr eiprcis^d lii& 
viw very couiiervativciy. siijlng: 

It Ifl bolievL-d tlmt the fidlawlitg LtHyoreni or workiiig h^iothcN^ec Ia worthy 
of opnfiideriitJoEi dh^ of cofupiiTl»4^u wIili uddithsusl fneta: ^[oantaJllB, luoun- 
tain riin^. luid vEillrys of nunpuUnde cuulvulcui Ut tuuMUtiiliiik exlat iteuurally 
la Tlrtiir of the rigidity of tbr earthen crual; eonttni^uht, eciuiLUmiLal platrmtiik 
unEl iii^hiik bnalns rxlEit In liltur of tsostatle ettnOtbrloiu hi a crtlf^t brlem^ 
iscnrouBi If a to driiBlty. 

Kesearelies as to ibc distribution of lighter and denser masses in 
the outer earth have lieen greatly extended and Iiiglil}" ridined since 
1889. Dnllon s gi^ncrol law is recognized as true. The larger ele¬ 
vations Sind htilJow!^ of tlie earth^s surface an'- duo to the balance of 
lighter iWkI den^+r Gilberts suggestion tlint niountain-likc 

mns^s and hollows are rigidly supported j comma nds con side i-at ion 
bv eonservatirc stiidcnh^ It i&f boweverj appaivntl}" efintrnflicted by 
the exhaustive caknlatuais of the g]e<Kle3pi$t+ Hay ford, who concludes 
that tho balance f>ostidated by Did ion oxtcmls to ma^s which are 
luncli smaller Lhan any which Diitfon or G ilberU regarded as prob- 
ahly in cftiiilibriump In order to understand tlw present stak of the 
l^rc^lem we may brietly review the met buds Uiat hav-e been employ ed 
in making obt?er%'alioiiBL 

Gra^'lly is the force which causes bodies to fall tow'ard the earth or 
i\ pc^ndulum to swing- Its Jjiten^ty may be measured by the velocity 
attained by a falling body at the end of a second, or b_v the. mmiber 
of swings that a pendulum of deBnite le.ngth will make in a delinite 
times The latter ruetltod of measurement is capable of very great 
accuracy and is used for all ub^ervatioiu* of the intensit}- of gnivity 
on land. In order that the detenninatious may attain tlie dcsirwl 
precision and yet be carried out wiUnu a reasonable time, a highly 
spt:\:ialized appaiaUis ia nsed^ The form employed by the Coast 

iDuttod, V. K. (M of the Omi[?r rrUhloraii of Phrilt^l Fliil. i4oo. 
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aDtl Geodetic Survey Ls sLown in pliite A set of invarlfiMe 
iwiidulunw is swung in an aSr-tight caw in a partial vuommi. at a 
uniform temperature. An electrical flush appomtiis tuakw ihc half- 
second beats of a chrmiometer v'isiblc and peniiils the nb,server to 
note when the beat coincides with a swing uf the iJendiilurin The 
time of oaciMotion of tlie pcndiilum at the station whete the inlciiHity 
of gravity is to be atwetiained ia compartHl with the time of oscilla¬ 
tion under identicfil conditions at a station at which the iiitensitv 
is known. The desired value of gravity is then oilciilatcd. 

The value thus obtained for the intensity of gravity nt tiny par¬ 
ticular place can be comp»red with [he intensity at other places only 
by making all the conditions of attraction the sanie for Ixith places. 
Let it be supposed that any two results which are to be compared 
have been obtained at stations tliat differ in latitude, in aUitudn 
above sea, and in topogniphic aurrcjundings. Then account miwt bo 
taken of all tlieso conditions. 

Latitude and altitude both affect the distance fnjm the earth’s 
center and grnrity variesi inversely as the square of ttmt disluiico. 
Ifeiice ol>servatioiis are reiinced to sea level and are then compared 
widi the normal value of gravity for the latitude of the oliservation 
according (o a formula oonstmcled liy the German gwHle-rist. Hclniert. 

.Suppose, for iiLstance, diat an observation for gravity had boen 
made in a balloon over the sea. It would bt* nvcesjtar.v to eorm-t 
the result for the ultitiide of the balloon and conipaie with the 
normal value given by Helineris formula for that latitude. This is 
what has been culled the *' free-oir rediiction." It is always made. 

The calculation of the influence of position itnd to|>ograjjlue aur- 
rnimdingH involves theoreticiil postulates which dUlingiush three 
different nictliods. One may be described n.^ the nipihoti nf high 
rigidity, since it rests upon the postulate of a rigid earth of iinifonu 
density. The other two both develop fi-om the assumption of iso- 
atatic wjiiilibrium, but they differ in that nmirJiiig to one the balfiiict* 
is sujjposed to be coniplete, but according to tiie other it is partijil. 
An illustration may serve to make tlie distinctions clearer. 

Let us tniruifer the place of olnscrvation fnnii the Inti loon over the 
sea to the top of a lighthouse rising from sea level. The reduction 
for elevation, the “ fnie-alr rcdficlion/' must bo mndi< as Iwfiire, hut 
correction must also he appiieJ for the mass of the liglithnnw, wiiidt 
is an e\ces« of lunterial, adtled to and rigiilly upheld by tlie rocka 
lit sen level. It exerts an additinnal atfrnctionj wliit'h must lio de- 
ducted frmu the obaerveti value in order to cthtain the true value of 
gravity at sea level beneath the lighthouse. Accord]ing to the pos¬ 
tulate of higii rigidity, all elevations on the earth's surface above 
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fSFft lew! RTo escesssP!' cif mass which exert n similar extra attraction! A 
similar corrcciioii miiHt therefore lxmpplie<l U> all oljservatiuns which 
are calcnhiit'd tinder that hypothcHis. This tvaa the reasoning of 
Doiigiier, 11 French iiiatheniaticiaTl, who calculated the gravity ob«cr- 
vfttioos made from I73(» to li39 in Pern* The methorl is thercfnrt 
known os Uoapaers method, and the mathematical fomitda as 
Boiigtier’n fraronla. 

Had tlie lighthouse in this illustration not been un extro mass, 
added to the rock mass of its foundations, the correction for excess 
of mass should not have been imidc! But under the hypothesis of 
complete isostatic linlance there is no excess of mass, since that hy¬ 
pothesis rests ii|ioii I he assumption that all parts of the earth’s crust 
which are, wc will say, a mile square have the same mass, the heights 
of the coiunins idrove some common level williin the earth being 
inversely proportioncil to the density of the materials. The common , 
level of tliii liases of I he columns may he 100 miles below sea level, 
or it might Im the I'laiter of the earth. All columns of the same cross 
>:e<rtion rising from it to aea level or lo the heights of the Hima¬ 
layas liave the same mass hy hypotlicsLs. ilenoe there should be no 
correction for excess, 'riie assumplion of complete isostatic equi¬ 
librium is the liasis of llayforcls work, which wc shall ^ is the 
most recent and most, exhaustive im-estigation of ihe subject, T\> 
shall Ihcrcfon? refer In the melbod of reduction hosed on it us Ilay- 
fnnl's method, 

Some thinkets on this subject hold that isontatic equilibrium cun 
not be complete for every hill and valley of the surface, nor even 
for every moiinlaiti. They admit, however, the assumption that ex¬ 
tensive mosses, such as that of u whole mountain range nr plateau, 
and defects ttf mass, such as that of the basin of tlie Black toea, may 
Ik* comjwnsalet] or in cijuilibriuni. Tins rt^n^ming in this case pro- 
ewds on the basis that the mass of any large feniurc would !« hub 
oiiced a I the nil it tide of a ‘'mean plain.” which is a hypothclical 
plain, that would Ki prcKluceil by leveling off the hilb till the muss 
removed from them just filled the vallej’s. The total ma^ remains 
iinrhangwl, since notliing has Iweii added and nothing subtracteil 
The position of the mean plain depends u[xm the irregularities of 
the surface and is independent of the altitude of the station nt which 
the observation ffir gravity is made. The nieati plain may therefore 
lie almve or Iwlow the station. If it Ues above, there is u mass be¬ 
tween the two which exerts tm iipwanl attract urn and retliiccs the 
observed value of gravity by an amount which must be added to 
it; whereas if the mean plain lies lielow the station there is an 
excess of muss whose at traction is included in the original vnlua 
observed and for wldch a dednetiun must lift made. This methocl 
was Hrst suggested by a French matheniatician named Faye, and is 
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known os Fayo*» nietliocl: but Piitnnm nnd Gilbert were the first to 
put h in prneticc iiitd to elniwmte the Jtlen of the menu plain. 

In the diBcnfwiim of Hayford's nietlMid it will l» seen Uint there is 
n eorredion for topography which la ftnalngtms to that for menu 
plain in Faye’s nietbrHl, laii which has referenctt to a *‘tlworetic 
plain that passes through the. station.” 

The teat which is applied to the results of eakiilutions made under 
any one of these thrre ditferent a.s 5 umpliontt is that of agreemotit, 
\li the values of pravitv enlcvilated by one and the same metlKm 
should be the same. All the corrections which are applied are iin 
tended to eliminate from the original olisenntiun thoso items of 
attraction which may render the oliseniKl value greater or leas than 
the normal value. Any dilTerooce which remains points to 
factor that has been overlooked or to an etroneous assumption. Tliat 
methwl of reduction wliicii yields results in closest accord with each 

other is ft-ssiimed to be nearejst the truth, ^ . - i i 

We J^hnll (iTf^ rontmst the nsHnmptirvn of hi^li ngitlity witli ilmt 
nf partial isofitalic bidiiiicc combined with partial rigid siippnrt; and 
then compare the latter with the nsaiimption of completed 
halimre, referring to tlio three methods, respectively, hy the names of 
their authors, as Bougiier's, Faye’Ht and Hnyford’s. 

In Boiigiier’s lime no one doubted iuit that the rerth’s cnist was 
very rigiil. All masses oliove iiea level w-ere regarded aa heaps uiwn 
the'rigid crust and all depressions IkIow sen level were lukeii to t» 
defwtsof niRSS in the spheroid whn«> surface should iwrespond with 
Ihsit of the Ikjiigiier thi.'n'fort? cOrt^‘t:te<l nil ohK’rvi*tiun?i Pot 

.rravilv hv subtradiiie the iittractton of tiie mass between the station 
and level Ho obtained very small values. The iritenBity of 
gravity apjwared to l-e so slight that Haplare, in the Mecannpio 
Celeste, cftlculalpd the density of the mnrteriul beneath Iho .rVjides a.-} 
al>©iit cfiiial to that of water, and ho gnivety sugg^tiHl that the o^ 
served lightness might due to great caverns within the volcanic 
2 one. This suggestion Is now recogniacd n.9 cjuilc untenable ainco 
itK-ka art* not strong enough to inuinlaifl open spaces under the pres¬ 
sures that exist Iwnealli the Andes. , i • ik 

A prcrtt many olrservatioiis for gravity were made during the 
century and a half between ITBO and niid all, eo far as the 

writer knows, wore wliiced by liougner’s method. They yielded o 
«»encrnl result i Tiie intensity of gravity on continents was found to 
be Ic^is than normal and was particularly low on high mumitains; 
whereas tlw intensity was great on oceanic islands. Hence followed 
the fonclnsion that ijontinenis are light and siibocennic masses heavy. 

But Bougiier’a method yielded extreme resultR. Oceanic masses 
aDoeaml to be very heavy and conlineuts seemed excessively light, 
as replace’s calculation of the density of the Andes aiiould have 
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shown. Thi? nnomaiies resulting from Bougntr’s formula Itxl Fay®, 
in ISSO, to suggest thnt tho correction for the ettmi-tion of the mnss 
l»twcen the station ancj sea level shoultl be omUtecl. He reasoned 
correctly that this itiass is lMilftnoe4i and therefore is not eciiiivalent 
to a weight which is carried by the rigidity of the crust. ITc dis- 
tinguialiecl t>ctween the masses which one “compenaited," or, fts we 
now say, balanced isostatically, ancl thoKC wlilch are in the nature of 
loads superimposed upon the rmst, and lie wrote: 

It Euinfit the thtit twn If tbs tblekncBs of tlie tontItieiiiB 

nbo\- 4 ? the bhi Imiji no In tUe conijuitutton* thlf* not trn(*, for 

of tbo Dinaa of iho preot of if ufprp to obstirve tlio opcIUji- 

Uouk oC tlio pcnJDlmit ot Ua miniintu in ttmt itfttr kavlng rwlsin?<I 

ilio ob'^ervn tiDD to the level of tbo tt troubi Ijo Uk>ct»f^ry to aulitrnct the 
effwt of atlTuetloEi of the pyTiBlnld nbove I ho level of the tjrroiinit. In tbe same 
mAitnor, ff Bon^-r-r Iin<I cTHTb*^ h!5 peiifltiliun to the ^imtttlL of Peehlnclin, 1,EKK) 
metefft above ihe Tevol of Quito, it wotiM N? neewHufr lo la he aecoimt of the 
nitmeUoti of thla lootfutiiLii upon ihe pendoJuni of Boiiirrier< 

It will be BQttK] thnt Fnye regarded the mountnin Pechincha os a 
mass upheld by rigidity^ but considered compeTLsotion or hoi once to 
be the condition of the larger mhss l>elow the plain of Quito. He 
lifld thus been leil by sstudie? in geodesy to \news which Gilbert 
reached in ISSH by independent geological inTcstigatinns. Bui Gib 
ln^rt went further than Faje. He estimated the magnitude of the 
mass wliieh the enrth would support rigidly and placed it tentatively 
between 4-00 and f?00 cubio miles. 

Faye^g method was first employed by Putnam in 180 ^^ and inde- 
pendcntly by Gilbert, who collabarnted with Putnam in the ^tu!y of 
gravity observations made in the Uniteil States under the Coast and 
Geodetic Biirvey, 

Putnam’s results were al^ calculated ac^rding to Bongucra 
method by Gilbert as well as by himself. The comparison with 
Fjiye^s mcthoii was gr&ntly in favor of the latter* as the valuer oh- 
trtinefi by Fiiye’s niethcx! ware much more accordant, when K‘dtjw?d 
to sea level anii the same latitude^ than those obtainefl by BougueFs 
from the same observations. The comparison ws.s so much to the dis¬ 
advantage of the older method that it may be said to l>e no longer 
worthy of considerationH and the very many results rearhed by it are 
of relatively sliglit value. 

Thi' accordance of rewidts by Faye-s method waa m satisfactory 
that PiElnam and Gilbert may be credited with having established 
Ivyond question the principle of i^^kstasy as applied Co the larger 
features of relief of the earth's surface* The small number (Bfi) oi 
stations coiiiiidered by them and the limitations necessarily placeil 
llp^^n the computations for corrections nevertheless lessen the value 
of their estimates as U> the load Chat the earth could bear rigidly. 
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Putnam hiniHelf stated in hk article tluit the resldimlfl olitnined by 
his computiition was not precise. 

In order to understiiiid this (]iialificntion of their results it is neces¬ 
sary to consider the method of reducing the " mean pin in.” The 
petition of that plain is such that tlie masscii representwl by hills, 
mountains, or pliileiniii hI-hhc it are e<iual to the defects of mass 
rt‘]ir(wentcd Ijv valleys or u-ider depretaions iwJow' it. The position 
is ciilonlated from top^tgraphic maps, whose accuracy thus enters 
into the compulation, but a more Lmirortatil factor is tlic radius of 
the areii abwit each station to which the estimate is extended, tiil- 
Iwrl took a rjidius of ^ miles and Putnam a rad ins (tf To miles, liotli 
investigators being limited by llte ialmr of eomputntion to a smaller 
urea al>ont each siution than tlicy would liave chosen, Hayfon,! has 
since slioivi! that tiic attractions due to topographic features out to 
a distance exceeding 2,.^00 Julies are not negligible, and for a work 
on tiie intenHity of gravity in the United States, which is the latest 
imhlislicth he has exU-nded tlie computations to the featurtw of the 
entiix* gloije. Thus the detailed resiiliials of gnivity, the differences 
from the iionnai, obtained by PulnaJn and Gilbert, are suggestive 
rather tlmn precise. Tiiosa investigators proved the isostnlic b[ilanco 
of lurge features, Init they did not demonstrate how smiill a feature 
may iw iaostatieally balanced or Utnv large u feature may bo rigidly 
Eupiforled- 

IVe have thus compared tiie hypolUeaLH of higii rigidity of tlie 
eiirlli's iTiist with that of partiiil isoetatic balance, entirely to tlio 
advantage of titc latter. There remaitis the hypothesis of eompkto 
isoslalic I'ompensation, whieh postulates tliat all parts of the earth 
are nicely ijalancfsl. Huy ford has employed this assumption as the 
basis of the iniH*! refined and extensive investigations as yet Euade on 
the Huhjecl, 

The dsita which he hn.s Used arc derivcil from the work of the 
Unittnl .States C’oafiL and Gecaletic Survey and the compulations hove 
been executed by that organization. There are two elaborate investi¬ 
gations. One relates to dellections of the phimb line from the true 
vertical aa determined at 507 stations of the prw'Ue Lrlangidiition 
which is the basis of the geodetic snn-ey of the X'nited States.' The 
other iiivtstigiition relates to obsicrvatlons with the pendulum for 
grovlty.* 

Hcllccliona of the plumb line are determined in precise triangula- 
tioii by comparing the direction of the apparent vertical line with 
the true vcrtlnd which is fi.xcfl a.slronomically, 

1 ITrtjfortl. F- Tlw lMt4tuy frtnt* tiHTiLffnrvnariiti In ihw 

tToltctl HSII[«U r. S- GwdoEk SiarT^f. WAMhla^on, J&flO. 

■ Ui/fpfll* 4. K. KuppkPfU'ntarr lur«ll,cnllPF3 In IfWfl of the fljfiiPT ot thu o*rth 
CoHit M'l tlf'odftle Biimx. WaitilflBtoia, ihlO* 
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Tlifi deflection is due to Inters I uttractioiu which imiy be exercised 
by njountiiin uinfSMis or l>y derLSc bcKlics wit hi n the earth's ernst lying 
on one siile of the or by sources of iittrtictioD. The in¬ 

fluence of to|}Ojyfriipliic featareSj whose masses are more or IC33 itc- 
camtely deteriuiDabk, can lie ealculated- There then remains a 
residual iitiraction wJdch is presiinmbly due to (i dense botiy^ but 
before accepting thal rorirlusioii it is nt^^essary to eliminate any 
erroneous asstiin[jtion that might have a similar etlect. 

Among the sulisltlinry investigations which Hayfon:! made was one 
relating to the depth beluw sea level at which all the columnj) whidi 
extend downward frfHii the earths surface are balanced. At one 
extreme ho calculated the valuirs of gravity on the aS£$umptJoTi ttiat 
ibbi depth; which m called the depth of is zero; that 

there ex ESI s iiimKHliately Itelow every elevntjon the full com|jerLSiiLiiig 
defect of density and ixdow every dejireifeion the full coni|>eiisatJug 
excess of dens Ely necessary to liaJanco the inequalities of beigtiL At 
the other extreme ho ciilculated the values of grindty on the ai^ump* 
tion that the depth of compenF^mtion is iiifiuity; thal is to soVj tlio 
earth hi so rigid that there is no eoiiii>ciisstiou in the finite nidius, lie 
al^j made similnr cnuipiitationa for interniiKlialc deplh.H of the level 
of compe4Esatioii. That which gave the most accordant values of 
gi^vjty and which is therefore regarded as most reliable was at tir^t 
ascertained lo be 111 kilometers, hut whs sLibseipiently cormHod to 
liiOJi kilometers, Ilelmert hns arriveti at tlie value of kilometers 
by mdej>endeni computations. Theix? is, therefore, no doubt but that 
this vftltte conimatKis ei oertain confidence under the primary assiimp- 
lion of eomplctc Isoslolio cotupensatiou. It may, how^evor, be vq- 
garded as an avemgc, from which there are itt fEict greater ur less 
variations in difTcrent hicalities, ajid il also depends 11 jam the faistu- 
late that the density of each imlividLial column reimiins thtv same 
from the surface to the hfittom Ht 1 . 2 ^ kilometers. It is more prol?iihIe 
ibnt the density increases downwnnb anti this would somewhat 
modify the value of L 20*9 kilometers. Nevertheless this conception 
of a tlefinite lower Imiit to the zone of •conipensiitiou is of the highest 
value- At and below thnt depth all pressures dtie to gravity are by 
hypoche^is efpial. 

In calculating the topographic correction before making the vari¬ 
ous computatiotis for llie depth of eompcnsiit ion, Hay ford took ac¬ 
count of all irregularities of ilie eurih s surface to u distance of 2,r^i>I 
miles frorn each station in all direct ions. The immense lalwr of these 
compiitatiotis wiis brought wdthin praeticabin limits by special 
methods devisee] to that end. iVs the staliims tniige^l in (Hjsitiipn friun 
the Atlantic to the pEicific coast^ the deptlis of the Atlantic and Pa- 
citit^ basins were incluiled among the features coiiisidcred, as well as 
HM isiiu-3U 
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\\ir higlilufids Qtid mptintdin ranges of ihc continent. In the dii*ect 
htndiv^ fnr gravity the scope nf these computations bos been ea;teiided 
to the features af the entire eurtb. 

This topographic correction in TIiiyfDrd’ft investigations occiipics 
the pliice which the ciilcuhitinn tjf the '^' mean plnin ” tukc^ in those 
of Putnam and Gilbert. But the plain of rcfcrcnee for the topo¬ 
graphic correction under the assumption of compicte isostutic com- 
pensaLtion is the theoretic ploin ■* at the altitude of the station indefi¬ 
nitely ext ended m nil directions. The mean plain and the theoretic 
plain will rarely if ever coincide^ and the corrections therefore have 
different values. It is much to lie desired that the ^^iiii^n plain 
correlation and Faye*s luethadT a^ lised by Putriatn and Gilberts, .should 
be applied to all available data with the scope and detail employed 
by Ilayfnrtl in order that we may have fl comparison of the two 
methfHi& on eijuaily reliable results. The reason for this elflteinrnt 
will ajifHoir presently in considering certain geolugical data that bear 
on the cliuice of JitelhcKh 

Hnyfoitl found that at each fitatiaii there remained reRidiial dc- 
fli'tctioiis of the plumb line after all the coiTcctions had \wu mude^ and 
he regarded these residuals as evidenc'C of departures ft^>m compkta 
i^f^statlc compensation. He says on this point J 

Fcr tlie Taite^l ^Statc? nnil a^ljfirent nreaa U \n mfe to coaclade fraai the 
eTEJencfl JiUBt fliiiuaiJirlECii that the liwmatlc eeniiHiiQAatLau Is iw iitsarb' complete 
oil an iiv4>n!i^e thiit ihe deaectliMiB of the vertical tUereUv retluced to leBs 
Uiiua ope-tmtn of the men a value w^bteli tbey h-cujIiI Imve if uu iBoetiLtJe coai- 
jitnihqiloa exSnteil. One uiajr pra|rt!rlr ehani cleric the EmeMntIc eom^ieuKitlou 
HH on nu uveruiEe less than eae-teath ffem cuiaipKuiunefiri er perfection. 

Thla statement ?hOulU n<it he Interpreted na menntne that them la everj'wtieTr 
n deflrSeavr In codif^nT^llon. Tt la preha hie imdor wine nrcaa there 
Lg ovcFcempeuR^Uon na well hn undereoniiJcusatlou La othotn. 

Interpreting the pnjceding estimate in terms of altitude, Hayforri 
places the avemgo departure for the Continent of Xortb jUuerien 
from lliat allitiido wliieh would oorrespoiid to perfect compensation 
at 250 feet, He further states thnt tlie inaxiiruim lioriKontal ostent 
whicli a feiituit!, such as a moimlinn. can have and escape coiJi|jerisii- 
tion is }x?lvfeen a square iiiile and a square ilegrtf. 

It is evident tliat Hayforfl's studies on iso8ta,sy exceed all previous 
ones in exhaustive detail and in precision. Kevertheleisw there are 
geological considerations which suggest that the assumption of com' 
plete comfjeasatiqn is less satisfactory as a basis of reasoning than 
that of partial compenfsalion and partial rigidity. 

To present these cDnsideratiotifi w must procet'd from the fact that 
tliH features of continents are not peniitineiit. They are the transient 
effects of two prot^cSHCs, uplift mid erosion, which are opposed to each 
other, and which act intcmittently. During certain epochs, of 
which the present is one, uplift has been dominant. Then coniincLta 
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hfive been large nnrt mount am ehajns both tuimoron!^ an<! high. At 
present continents are nnutsutilly large and mountainii are imnsunlly 
elevated. During otlier much longer jserioiiH erosion has exoeecled 
uplift. Then eontlneiits biive beeoti:te low and featureless; great 
plains have prevailed; mid in eonsei|uence of slight sulisidence e\ten- 
sire hinds have been submerged. These are facts of the geological 
record which admit of no doubt. 

In this play of processes any particular part, of the earth^s furhice 
may reach just that tiltitude^at which it is in perfect iso^tatic baluntrc, 
Imt it is not probable that the e^'iuilibrium can bo long ninintained. 
If the High Piateansof Utah l>c in general in isostatic halanccH, tlien 
I he ffrand Cany on of the Colorado must be tw light by the weight 
of tlid rijck removed in car%dng it out of the plateau. It is, further¬ 
more, certain that the Grnnd Canyon is but the l>cghuiing of thtit 
erosion wtdeh ivill evcutiinlly remove ns much of the mass of the 
High Plateaus as lies atipve ii phiin. which will slopi^ J^^rttly from 
no great altitude to sea leveL If the region is now m isostalic balnncc, 
it will thcri out of halance. Or, to consider another case: It i& u 
commonly accepted fact among physiogrnphers of the present day 
that the Appalachian region c^f the ea-stern Uniteii States was it low 
plain during the Cfctnceous and early Tertiiiry periods. The plain 
is now warpcfi up to 4^000 feett inotNe or iihove sea. If it is now 
in isostatic balance, it was out of balance during the long lap^sc of 
time of the periotls named. 

It is reasonnblc to link the lunvements which are expressed In the 
warped surfaces of continents with the stresses that are set np l>y 
disturbance of isostatic baliince^ It is proi>able that the stresses 
directly or indirectly cause the movements. But the effect neither 
immecliate nor constant. The disturbing piwcsa. erosion, is a very 
slow process, llie plains w^hich it produces endure during a geologic 
age. The earth is sufficiently rigid to be very slow in responding to 
the stre^. 

However, if the hypothetical relation of cause and effect exists 
betw'eeii isostatic stress ami warping^ it is highly probable ihnt c^qui- 
librium is most nearly perfect at the culmination of movements of ele¬ 
vation, such os the existing ndief prcfrumably represents* Valleys 
excavated by erosion repn^^nt disturhfliu!e^ of that equilibrium, 
which therefore can not l>e perfect in detail^ or even veiy^ nearly 
Hs Hayford a^umes and caiciilatcF^ hut the mas;s of any large area, 
such ast the Great Plaint of central North America, or the High 
Plateaus of Utah, is very probably nearly in equilibrium, conaidered 
as a mass and reduced to “mean plain.^’ 

Geological considerations thus afford reason to prefer tho method of 
reduction employed by Putnam and Gilbertt tho Faye rcductlohj 
rather than that used by Hayford. 
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The geological eviolence ’which has been cited to show that isi- 
italic eqiiiJibriiiTn can not well exist bx detiul may be regarded ns 
dernonstrating a cci-iain rigidity of the earth^’a crusty which is moiit 
severely taxed when erosion hm planed a’way the compensating 
lieights lo the nearest possible approach to level plains* It is inter¬ 
esting to note thatj per contra, the isostatic balance is probably most 
nearly complete in regioas of most vigorous mountain growth, or 
for the continents as a whole is incKt perfect at a time like the pres¬ 
ent, when uplift in most general* If tlie disturbing process of ero-^ 
sion could U’ eliminated from continental ariidties the uplifts and 
subsidences would establish i>erfeL't e<|tiilibrium or n close approach 
to it. Kow emsion has no effect over tliose portions of the ocean 
hasiiks which are beyond the reach of tlko sediments tliat surround 
the coriEincifcts anti wiiich occupy nearly three-fourtJia of the surface 
«f tho globe. These areas are depressed bn^Buse they are heiivy, 
RtTOrdiiig to the bypollicsis of isostasy, and should be depressed 
inure or less accoi^Ung to tlie density of the underlying riiassea. 
The adjustment flliould bo nearly or quite complete except where 
ilisturirtsd by vulmnisin or by other special atresFies* It is, there¬ 
fore, of great hilerost to determine the law of distribution of density 
iieneatli the oceans in relation to the depth of the waters, apart from 
the intcredit w tiich lies in the ctunparison of oceanic gravitation wiCli 
that of continents. 

As it iii imprjssible to observe a pendulum on board sldp measuire- 
ruents of gmvity in i3cean areas were restrieted to oceanic islaxidij 
until recently, wdieti tiiey were made possible on tiie ’water by ei 
method 1 in which the pressure of tiic air os sliowm by a har<imeter 
is compared with the pressure of the air as determined by the boiling 
|x>int of w uter. 

In measuring the air pressure with a barometer the air is balanced 
by the coJumn of mercury, which will l>e somewhat shorter at a 
place where the intensity of gravity is high than at o point where 
the intensity is If the air pressure be mcjiHnred by obsenung 

the iKjiUng point of water, the result is inde]>etiderit of any LnHuence 
of gravity upon the apparatus. By using both methods at a station 
the effect of gravity on the liarotneler at tiiat suitiou can l>e asr^r- 
tiiined* nnd by comparing the effectj; obtained at various stations 
relative intensities are found. 

This method- which was origin ally invented by the German physi¬ 
cist Mobil, was adapted to oceanic work by Dr. E. O* Hecker, who 
devised an elalxjrate apparatus for the purpose. It eonsisb; of five 
mercurial Imrociirters which arc hung in a metal plate swung on 
gimbals and which are so illumiriated that the movements of the 
upper surface of tlie mercury are registered on a photographic film. 
The record is a wavy line, mice the barometers are constantly agi- 
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tatesi by the motioD of tbo fillip^ but with tlio nisi of ii ifpeciul iijjptii- 
mtu^ registers that motion the oiTect on the buroiiieter mid 

tiieir aetual i^eadiiig can 1 ms ascertained, (PL 

Hei^ker took numci'ous objcrvatioiis on voyages from Lisbon to 
Bahint fmni BreniiThavcn through Iho ASeciiteiTEincaii and Sues? 
Canal to Sidneyj from Sidney via New Zealand, Tiitnila^ nml tba 
Sandwich Islands to Sail Fniiurisco, and thence back to JapaiL 
Apart fnull certain anoiiialic^ in volcanic districts and in the Tonga 
Deep^ which 13 a vigortais earthquake center, tlie results correspond 
with what the theory' of isostasy requires^ Tlie intensity of gravity 
over tJhe ocean basins is everywhere ziornmL That is to say, there is 
the same mas?? Iseneath each part of tlie oee^n surface; each such 
m^s$ nr column is ei^mposed of two parts, water above and rock l>e- 
low^ Tlie shorter the rock part, or the deeper the water, the liravier 
or denser tlie rock part znusl be, or, putting the relation in teriu^ of 
i^o^bitic balance, we may sq}^ the denser the rock the deeper the 
hollow' in the earths surface* 

The condmiation of the isostatlc law for the oceanic basins is of 
great importance in supporting tlio pnjl>uhjlity of a similar balance 
for tUe continents against tho ocean basins and within the conti¬ 
nental masses as welL 

The pre^icnt state of invcstigatioji into tlie subject of isostasy may 
reasonably be summed up ns fnllnws: 

It is demonstrated that the larger mu^ea of the outer earth, above 
a Kone 120 kilometers deep, strive toward iso^tutic cquilibriuUL 
Tlic condition of perfect balance has been mosi nearly attained 
within the ocean basins; the general balanL-e of the continental 
plateaus and of the broad features of relief is at present uLso nearly 
perfei?t. If fw>, it is probable that the eulmination of tliis mountain- 
biiUding epoch i* approuelihig, or Uf past. 

Erosion is a prectsss wbidi deslroya those elevations of the conti¬ 
nental surface whidi appear to be essential to equilibrium, and which 
are probably a resijlt of the effort toward it. The balance at any 
time is disturbed to the extent that erosion exceeds uplift. Tticlong 
periods wdien, according to geologic evidence, lands have been loiv 
and featureless, have Iweii periods of failure of equilibrium, jx^riods 
of strcHH, when the low continental masses resisted uplift by virtue 
of rigidity, 

laoMlasy and rigidity both are conditions of tlie cartli'a maa& 
Their relative effects jn the diangies of stress In the earth vary w'lth 
the state of uplift or erosion, and it Is an interesting coincidence that 
intelligent research should iuvestigate tlie condition during an epoch 
when equilibrium is most nearly complete nnd rigidity least severely 
-Stressed, But we may nut overlook the fact that this condition Ls 
but a transient one. 
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If we apply these considetations to Uie question with which this 
review begiiD) TiVhat are the foundations of tiie earth} Wc inay 
answer: Tl»e fonmiations are solut rock, which is selfnaaiElied to a 
depth of 120 kilometers, more or less, which is rendered suflicieotly 
rigid by pressure to niaintaiu hs form during prolonged geologic 
periods with but very alight change, in spite of stresses occasioned 
hv erorion of continental reliefs, hut which is capable of movements 
that from time to time result in the gradual elevation of continents 
and the more vigorous uplifts of mountains tlirou^ which isostutic 
equilibrium is restored. 


TRANSPIRATION AND TILE ASCENT OF SAP.* 


Ry IltfftY H. Dixos, Se. D_, F. tt. S., 

o/ /Ac of BMbffpK 


The water of the tmnfipimtifvn stream enters at the roots, passes 
lip the stem, and is given off from the leave^E. It will tx? convenient 
to discuss the pr()<:esses taking plaec in each of these organs scpa- 
mlelyi so far as they nffect the stream, and tlien consider how these 
pixK^esseis an? eomelatfKh 

In regiinl to the r^hahiljon of water vapor from the leaves, early 
exjjerimenters have sshown that ciiticnlar transpiration is iisnully 
insigTiificant compared with diastomatic diffusion. Tlie efiieieney of 
rlinstomatic transpiration was first clearly explained by Brown and 
Esc4)mbe/ 

Ttie tniniito crtrsa (sections of the openinga of stomata and the com¬ 
paratively large area occupied by the practically ioipemieahk ciitiele 
made It diflicult to understand how the pbser^'ed quantities of water 
escape from the leaf. Tliet^o authors sliowed* however, tJiat an unex¬ 
pected law governs the diffusion of water vapcir through a nundier of 
minute perfomtions in an mvpermeable membrane. Aeccnliog to 
this law- it follows that the amount which diffuse through the pi.^rfo- 
rations is not only, os one would on first thoughts expect, pro|Kjrtional 
to the sum of their areas, but may vastly escoeil t.hiti proportionality; 
and consequently the diffusion tlirivugh a niunber of minute pores, like 
the stomata, will be much greater tliun through one large apcriuro 
having a cross section equal to Ihc sum of the areas of the stomata. 

In order to obtain a clearer idea of this remarkable result, we will 
consider in a genera! way the state of affairs around one stoma, so 
far as water vap^^^ is ccnt^c^le^^. At the level of the stoma the water 
vapor has a certain density^ — J. e,, the water molecules are more or lesei 
crowded, dei^ending on the state of saturation of the external apace 

1 bjr IR fllir|{30*a1 fcjnn^ from I'TtfiStcmaM Rcl DolmbfCv. iK'rttw- 

.lAMnrlnt Ic^m TiiEmihlliHii.|r M Uotniiliiiiai, rtdJjilvrt vuyu I>r. I. F. 

FrltU^r libnd. VerlAR tod OusImt FIhIwt Id lEMSdl. 

t Brown and Static DtffiuiaMi of Oatca t.-EquIdi In at-EatlDn t4 tin AsfitHgl- 

LitLoO of Cirboa an-J TniiaalontlcD Lq rUati. rail. Trnti*, ttnj. Ooc. fjkoA. EU voL 1R3, 
PP. 223-Sia:^ ItKtO, of which fib filnlrfiri aciprilnH] Id tlk' PfWL Roj- toI, IHS, tbiA Ln 

ASR. of Hol, xol 14 , iOao, tp. 


401 





408 ASfSUAL RKPfJET SStlTUW>IXAJI IKSTITl’TION, 1010. 

niul llifl Uiuniiiit of water I'uimr in Itie stomtitnl dniinber. At some 
(listunce oiiLside llsc atotn» the pi-owdiii^ ilo[XJiKli sf>!rly un the stnte of 
iiiitimiUoii nf I lie OHtHiilK! spai'O. Wlifii tliu density cwitslde is less than 
that at tbo lew! of the stoma lliriie will Iw n gradient of density ^iub- 
lislied extending outward frotii the stoma dependmg on the drift of 
water inolceuies from the more i-rowded level a I the stoma to the leas 
dense vapor oiitside, H we eon-sidi-r a [joint {it, Rg. 1) iinniedlately 
over the inkldlc of the stoma, the water vapor there will have a cer¬ 
tain density intertnedifltc Ijetweon that of tite outside apace and that 
in the stuiiia. All over the Jnidtlle of the stoma pJasres of the same 
density of water vajsir will bo appro.xiinately vqnully removed from 
the stimiM, since these places lie in tho general drift of water mok- 
eiiles from the s*l«mii outwiird. Towiird dm margin of tlic o(X!iiing, 
however, conditions are dillerent. The iiioleciihst, joetling against 
each other as they issue from the stotiiu, tend to travel laterally as 
well us straight out fmm the stoma, so that the crowding at the mar- 
gin is less intense thiiii over the middle; Iwnce a plnce («') having 
Urn same density us (u) will be closer iti the stoma. By ctmnecting 

up the pniiita of tiic same den- 
sity or crowiliiig we get a 
ourre like a" a wliich rep- 
rfsejiti; tliP wetion of a layer 
(or shell) of eqiiiil density 
iireliing over thi; stoma. Tii 
tlie SJU 116 >vay nt ii diiitance 
^^tnewhfit lull IV tviiH^ved from 
the fitoma, tliere will be a liiy^r 
of tletislty* and this layer will iit a greater rlistaoiv from the 
middle of the stoma than H is fmni its margin. So wt ma}' imaipTie 
II series of layers or sliells of diimnishizig density overardiing eaeh 
transpiring Htoniii, stieh are aiv ivprc^sented in section in figure h Of 
cmitrsej iti rt*alUy Ihe higher density within guides itu^etisihly into tlio 
lowTr density ouUide: LIjIk gt^ulient of denflityj or crowding of the 
water moleriile^f m steejier near the niiirgin tlian over tlie miildlu of 
ihe stoma. From lids it folhiws that the flow of molecules outward 
is less o1>stnicted on the margins. Consequently givater nimitiers 
escape there. In other words, the margin is more efTirient in trans¬ 
mitting water vap<ir than ihe middle regioTi of tho stoma. As the 
size of an a|>ertuiv is reduced the ndation of its iniirgin to its area is 
iiicn?ased J for the value of 2 w r does nc^t deert'af^ as fast as t r ^ when r 
is rt^<liiceJ. Ro. for a very snnill aperture Jibe a stoma, the marginal 
diffusion is very large coinpQred to that over its ernsi section, and 
hence the di fusion from ji stomtt is except ion ally efficient. 

It will be readily seen that hi order to maintaiii llie efficleney^'of 
the marginal diffusion on the outside it k neoes^iairy that the diffu¬ 
sion streams from aiijoining wtomata should not interfere with one 
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anotlier. TLis uecessitates a «rt«in interral tietween the openings- 
Broum and Escombe found tliut a membrane of 1 square centimeter 
area, iwrforated frith 100 Itolcs 0.38 millimeter diameter and I milli¬ 
meter apart, transmitted by diffusion under identical conditions ns 
much vapor as on open tube of tlio same crevsa section, uUhoiigh the 
total area of the holes was only 11.34 per cent of the ciws section of 
the tube. WTicn the distunce between these holes is inri-cased tlieir 
efficiency in diffusion rapidly increases: thus, according to these 
authors, boles of the same diameter 6 tiullimetcrs apart, nn a mcui' 
brane 1 square centimeter in size transmitted one-fifth an much as the 
open tidic, while the total transmitlmg area was reduced by the inter¬ 
position of the membrane to 0,3 per cent of the whole cross section. 
Figures like tliese wilt enable ua to form some idea of tlie efficiency 
of a leaf. Brown and Escombe,* taking as an example a leaf of lleli- 
anthua in which the average area of the stomatal opening is tiOliXltl"' 
square millimeters (= a circle O.OlO" millimeter diameter) and the 
spacing of the apertures 8 to 10 diameters, and allowing for the 
resistance of the stomatal tube (which leads through the epidennis), 
found that the amoutiL of diffusion from a square meter could be as 
much as 1,730 cubic cenlbueters of water per lumr, when the state of 
saturation of the atimounding Space was onc-fourtli of tliat of the 
spaces within the loaf. The gneatt^ amount of transpinit ion observed 
in the same time was27i> cubic centimeters. Thi.s clearly sliows that it 
is not the resistance offered by the stomata to diffusion w’hieh puts 
the limit on tninspiration in stUl air. ♦ ♦ • 

The considerations just stated show that the stomata when ot«“ 
provide amiile means for the exit of water vapor from the inler- 
celhilar spaces of the leaves. IVe will now procewl to inquire into 
tlie physical conditions under w'hich the water vapor enters these 
spaces. 

As long as the spaces are not saturated there will be a flux of 
water moleculea froiii tlu’ adjoining moist surfaces into the spaces, 
since the vapor pres-sure of the water imbibed by the «rell iiicuibraiies 
of the mesopliyll cells tliere exceeds tlte vapor pressure in tlic ad- 
joining intercellular spaces. How is this loss made good? On first 
thoughts it might appear impossible for pure water to pass eanily 
from the cells which pcssesa a considerable osmotic pressure within 
their more or le^ perfect semi permeable membranes, and we know 
experimentally it is not possible to extract water from them by os¬ 
mosis unless the pressure of their aolutiona is bn lanced by an eipial 
external osmotic pressure. This balancing pressure may amount to 
sevend atmospheres.* Tndle this Is true in IJio cuse of abstracting 

* Brown ijad Eflcfllnlw* Vh\L TfaflJ. HoJ. Soc. p. 2T0. 

»n. II- DlJCOa, In Pew. Itojr- Irlih .\nid,p Pfr, % vn|. 

3 lflS>3i pr 7T4, ^ot« from Ibc Trinity DilttllD, 1£k 

43; |dt>]3ip A TTwniplrmtlftB Modfl. Prac. Roj-. DBtir Sm-h toI. S., 100^ p. llfl+ ncul 

Noirt from thiT Btstanlcll Trln. Cd1I_ Dub., ?fa, «. p. 22^ 
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wntijr from tlif? ceil so db to dimlDisti its total water cont*int* quite 
a small difference of pressure will cause water to move aerots the ctll 
when it b dbtended to its maximum with water* The osmotic pres¬ 
sure of the cell then acts simply as a force pnsliing the protopIasuiiG 
lining a^iiist its walJs^ while the water on one side of the cell h free 
to move across to the other side except ftsr the resistance it exiie- 
ricnoes in passing through the cell walls and protoplasmi In the 
present instance this force is the difference of vapor pressure existing 
on the inner and the outer* or evaporatings sdde of the mesophyll cell. 
It might happen that this difference would U sufficient to almost 
keep the wall on the evaporating side fitwled with waterj and tlien 
evaporation into the intercellular space would take place iMt if from 
a free liquid surface; or^ if evaporation proceeded more rapidly, the 
liquid surface might retreat into the subBtance of the eva|iorating 
wall. Then the capillary or imhihitioual projwrties of the wall would 
exert a force drawing the water through tlie call and bringing it to 
the surface of evaporation* Tlie retreat of the water stirfiu^o would 
proceed till the capillary' forces so produml could bring forward 
water cls fast as it evajxirat&d from the surface and a iiteady state 
were arrived at. 

According to this point of view the submkroscopic spaces occu¬ 
pied by the imbibed water in the cell walls are regarded as intensely 
minute capillary passages. When water is lost, the surface of that 
which remaitis behind retreats in the form of inriumenible menisci 
into these spaces^ Tlie capillary forc?es intensify as these luenisci 
increase the diarpness of thoir curvature, and may attain Ein ex- 
ti*emely high value owing to the fineness of the texture of tlio rcllu- 
losc. The contraction of cellulo^ on drying, involving Ilia reduc* 
tiuii of these psiissagcs, cnlianc<^ this effect so that the capillary trac¬ 
tion drawing the water from the cell within may become enormous. 

If the fitTppIy coiuifig into the cells were snail compaml with iIm? 
evaporation, it might be that the sjteudy state would not be attained 
until the capillary forcei^^ bringing water forward as it evaporated, 
had actually reduced tba voltinre of water in the cell and conse¬ 
quently reduced its turgor. Under ihrse conditions we would have 
the capillary forces of the outer cell wall pitted against tlie osmotic 
solutJotis in the cell itself, and, if exerting a superior force, drawing 
water into and across the cell, now some what diminished in ake and 
containing a more concentrated solution: but, all the same, tlie tlow 
across the cell is determined by the difference of vapor pressure on 
its opposite sides^ • • • 

Tlie most vexed problem of Uie oscent of sap is how the water 
rises in the stem to fill the trach™ of the leaves. 

Botanists have sought solutions of this problem In two direct ions, 
vise: (1) In the energy transformatioiia taking piece in the living 
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pjirts of tli« stem, numfdy, id the colls of the wood imd of the iihhIiiI' 
Inrv i^ys, nctinfv to raise the water, and (2) in the energy IrniiS' 
ftiKl uppliud by means of the physical propeilies of the con¬ 
ducting tracts and of the water stream itself^ not net^-^rily involv¬ 
ing any special vital activity on the purl of the cells of the stem* 
Tlioist* liypotlwses which 1 ) 0 long to the first category may be dis- 
tingnhtlied as the vital and tliose of the Kccond as the physical theoricii 
of the ascent of sap. 

FRYS^lCAL THEOara. 

The vital liypotheses of the ascent of the tnmspiration cumciil 
take no direct account of the inflow of energy at the leaves. The 
entire sap-lifting force is applied in the £&tein. This appears to hold 
good for nil the vital hypotlwses with the esreption of that of Ewarts 
who admits that possibly some of llie energy needed to raise the 
water may be direcrily iransmilted dovrnw^ard from tbo leaves to tlie 
streiiin in the stem. Of course uUtmately the enei-gy assumed by 
the vital hypotliuses to be expeiuieil in the stem is derivable from tlie 
energetic substances formed in the lejivea during photfu^mthesis, 
and afterwards distrihuted to tlie cells of the htem* • * • 

III tStU [>r, J. Joly and the author published the firvit aecounl of 
their cohesion theory of the ascent of sap. In the wfjrk leading 
up to our theory we natundly Kutunitted the tlienries of jirevious 
investigators^ so far as wc were acquainted with theiu, to full cou- 
sideralioii and experimental esamination. In addition to these w'e 
'viibjectecl various other hypotheses formed by ourselves to investi- 
gntinn.* As these investigstions naturally lead ll^^ up lo the cohesiou 
theoty, it may he permissible to brielly outline them lierts 

In the first place it seemed pnsfiibk that perhaps gravitation 
itself might furnkh the lifting force of the upward moving water. 
This, at fii'St, seems paradoxical, Sujipose the dilute srjsp in the 
luavt^ to Ijie concentrated hy evaporation and by the addition of 
carbohydrateis. The denser fluid thus produced and passed into the 
tracheida would settle dowrnvunh As it passed dowm it wcnihl dis¬ 
place npwanl the less cniiccntrated solutions enterhig at tlie root. 
An accnmiilation of the denser material in the lower part of the tree 
mav be Eui>posed to be prevented 1>y the atetmciion of materials 
from the concentrated sap id I the way down* fn this way it k 
secured that the ascending “riiw’^ sap is just overbalanced by the 
denser descending column^ and the very dilute solutions brought into 
the nwjt might in tins way be raised to any height* A model illus- 
tniting the liypotbesis Is i^sily set up. A tube* say^ 1 millimeter 

I Itr n. Dncen: On thr f OE ilw irmuMplntlaD ctirtcdt Sotet from Uifl 
ScliDol, Trtlinr ColLyEt, Dublin, 5, i^T. p. 4. 
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Iwre ansi at tlie lower entl, fillefl with n solution of n dje, 

e. fudisinj iiTfctl sft uprightp A sniall funnel c-onlaining a d’cnser 
wilt solution is nttiirhed to its upper end. The 1iea\\y solution imme¬ 
diately begins to gravitate downward, and in doing so displatcs im 
equal volume of the Iigliter fluid ujiwsird. The rLso niny be noted 
bv the passage of tlie tt^^Iored flind upworsl in the funnei. 

There is no doubt I hat this ineehiinism cotihl work in ^ininjuml 
plants wliose roots continues! to pass rs^nipai-iiih-ely pure witter into 
the ffljiiductiiig tmets, provided there were un iirrangemeiit to pre¬ 
vent the mining of ihe descending nnd Ascending fltuds. In the 
plunt* we may suppose* the column U not supjiortsHl liols>w as in ihe 
modeh ljut is held up by the cupillary forces of the imbibed cell wuills* 
This would explain the presence of reduced air preisiiro in the cavi¬ 
ties of some of tlie wikhI trachea.^ which would bo iiiiix>!sihle if the 
AVflter surrounding tliem were in eompression* But^ however pmm- 
Tsing for a lime, the theory- luid to be given up- The luingling of 
the dilute ascending solutions with the TOoeeiitnited dGstvndiiig 
fluids which inevitnbly talies place in narrow iulies* wmihl errtaiiily 
deiftniy tJiLs gravitational urtion in the trarbeie of ptniiti^ and then^ 
is no evidence whatever of isolated iijiward and clownw urd cnrretib?^ 

Quincke^s theory^ (which stiggeste<l il-self indei>endently to us), 
visij that the water is drawn up in a tensile stJite over the surfaces 
of the Willis Ilf ihe condiieting tmc:hea5 in Ihe form of a thin filui^ 
hud also to lie laitl aside. Xot, however, tiy iea?^n of SaeWs ob¬ 
jection* who rejected it iK^nitHe lliert* are iml coniiiiuoiis tubes in 
plants. Ill reality this objection i^ qufte iiivalid^ aince the w'ater 
films may lie regarded as continuoits through the iinhilied material 
of the transverse and oblique ^^wlls. XeverthelesB tlie theory had to 
be abandoiiGfl. ^nce* as we .shall set;* later* such n iihii of water un- 
siipjwrted on one sidCj if e?^poseil tn tension, liifLillihly draws out 
thinner and thinner i in 111 it brl=^aks jicrosH and leaves lui w'ater on the 
surface, 

A moililieiition of this theory, combining it Avith tlie linger-SadiB 
imbdnlinn theoryj then suggested itself. In order to etscajie the iio 
evitable thinning out of the iin-supported wnter films, we incrumed 
Avith ^S^icbs, that the moving water ia located in the substance of 
the vralls. and that the surfaco-tension forces deA^eloped at the sur- 
fiice of the fino-textured substaneo of tlie wall prcA^ent tlie water 
from draw ing out thinner and thinner^ Thus the tension generated 
at the leaves is transmittcHl downAvard through the imbllml AA'ater in 
the walls. This tlieory has undoubted ndA^nitagcs over the imbibi¬ 
tion hypothesis. It replat^es the ditfusiun flow by a movement 
under great tensions* and so the mle of transmission may be in- 
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crc^nsed propaiiJoiiuti^ly to Ui« inet^asetl Ltifisioti. But it is optn to 
niany of tlie objectjon-Si wUich iivi*rtbrtw the ioibibitian bypothesisj 
vi/^ ilj^ luriuiiii tire kiiowTi to tniiiiiuilt the ninjor part of the cumnti 
nnd it improbnlile, flven whi^re we ciui invoke such great forces 
ojj tJjo tensile stretigtli of water, that they could suflico to drag an 
adeqnato.w’Liter supply through the tine-grained cell walls* Yet w'c 
were able to sfiotv by experiment that even when the lumina are 
rendered iinpassable for water, some small amount of water is trans* 
mitted in the w^alls by this process* 

IVhen we found oiir^dves croinpellcd to give up these hypotheses, 
(he one* aa iiKsiunhig outuUtiom luiriueal to the (mnsniistiion of ten¬ 
sion ill the water, and the otiier, because it did iiEit agree with the 
ascertauied fact tlint the water moved in tlie lumitm, it was mi easy 
tmrisition to arrive at the conclusion that the water passet] up In the 
Iimiina in a state of tensiom How% in the lumina of the comlncthiig 
wood, the necessary coiulitiotLS for the production of tension are ful- 
Bllod, we sliall now pruc-eed to enquire. 

Eviui in tcxtlKJHLtks uf physics the cohesion of liquids is Eeidom 
alhuled (ii, arid the condltjons nec^sary to produE^e a slate in w^hich 
liquids iiuiy tniieiniit. u tensile s^tres^ are not adequately treated^ 
Donny ill 184t> showed that it was possible for a column of sul¬ 
phuric: acid l/ItiTt millimeters higli to hang in a vertical tube clo^icd 
at its iipix^r end, when atmo«phcric pressure wns not allowed to press 
the liquid upward from below* He compares the phenomenon to the 
welbknown experience that the mercury of a barometer may be re- 
fained alxive the actual haronictric lioiglit if the tul>e, filled by in¬ 
clining it* is raiwd gradually to a vertical position. He further states 
that this phetiomimoij has been explained hy Laplace as being due Co 
the cohesion of the mercury and to its adhesion to the glass, * • • 

Bertlirfot * a few' year's aftenvards succeeded iu show iiig directly 
that Avater lui^i ii verA" considerable cohesive strength and. under 
proper conditions, cun sustain it very great tcnailo sti'ess. His pro¬ 
cedure was as follows: He filled a strong capillary tiibc» Avhich was 
scaled at one end and druAvn to a fine point at the other^ with water 
at a temperature of or 30*^ C* Hr allowed it to cool to 13"^, and, 
as it cooled, to dniAA- in air. Then the fine-drawn end was s^ealed* 
The tube was now' heated to 28“ or oA^er, and the air forced into solu¬ 
tion in the Avater, Avhich now occupied the whole of the internal space 
of tlir tube. On cooling to IS'^ or lower it was found that the liquid 
(xuitinuecl to occujiy the entire space enclosed by the tube and pre¬ 
served in thb Avay the same density from 28® to 18*. The ililatHtion 
fieeilcil to elTect tins is very laigt, viz, for water one four-hun- 
dred-and-twenticth of itx A’^olumo at IS® G* To produca a similar 

fbertbelotii nin^l^iiftt pli^iCL^ati^iPii \\p fvi'efe dM lUltliilH. 
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effect in the opposite sense would require a pressure of about 50 
atmospheres. The experiment shows that neither the adh^ion to 
the glass nor the cohesion of the wuter is Jess than 50 atmospheres, 
IItTthelots exiM?rinicnt has been variously inisquotetl (1) with regard 
to tlie ciihitatioii observed and (2) as to ttio effect of dissolved air 
on the tensile stnength of water. • ♦ • 

Altliough n prion there seemed no reason to suspect that tlie pres¬ 
ence of dlfT^^oIved ntr would weaken tlio tensile strength of water, Dr* 
Joly and the author^ eons^idereil it necesfnrj^ to investigate the 
pinnt speeinlly. We uscf) u ojlindricul glass r^jsel with roiindeti 
ends and provided at one end with a narrow tnbtdure- Tliis vessel 
was very earefully cleansed by wafihing it internally sutx^essively 
with cRusrie potash solution, dilute acid, and dbtilled water. Half 
filled with water, it was Wikd for snnie time to make sure that the 
walls were thoroughly wetted; then it w-ns lilmosd completely filled 
with water wliich had been previously boiler! to get rid of utidis' 
5*olved air and thoroughly to wet all duet particles which might have 
been contained in the liquid. By subsequent exposure to air this 
water was allowed to become saturated with dissolved air. During 
expo^sure care was taken to shield the water from dutd:* which miglit 
net liavo heen comjdetely wetted or which might have introduceil 
small buhblc& To fill the vessel a Kiniill quantity of water in it wa.s 
raised to cbidlilion* andi while f^tcam was i^^iing from the attenuated 
tuhiiliire, the latter was submergecl in the dusUfree water. As ihe 
steam within condrused and the vck^I cooled, the latter bei:aiiie coui' 
pletely filled with water. A small bubble was then introduced and 
the ve^jsel was closed by sealing off the tuhtilurc. 

Tf the vftssel was then cautiously heated, the water expandeil more 
than its glass envelope and the air bubble was eompres^l. The 
bubble liccanic stnalter and smaller as the temperature rose and the 
contained gas was forced into solution. When the biihble bad 
roachod very aniall dimensions and was about to disappear great 
care had to Iw exercised in the further application of heat; for if the 
water expanded too much and strained the glass beyond elastic 
limit, the whole experiment was rendcml abortive by the breaking of 
the glass. But if the heating process had been carried on siicces?*- 
fully and all the nir had been dissolved so tliat the water had been 
made to completely fill the vessel without breaking it, heating was 
stopped and the water ceased to expand- 

At thin moment the water in the vefwel wai^ eitlwr in compresaion. 
being constrained by n tension in the glass walla, or it was quite un¬ 
constrained^ Just exactly filling the cnvclopp^ p^jhher siifferiog 

cotopression nor causing tension in the soon aa cooling 
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began, the water and the glass commcncied to eontmct, Tlio coefli- 
cient of expansion for heat of water being greater than that of 
ih& wuier tended to contract more. This contraction, however^ was 
resisted by its adhesion to the glass and its own cohesionj niid conse¬ 
quently a stress or tension, which kept it suJUiciently dilated to fill 
the gliiss, was set up. As cooling proocetled the tension grew greater 
and j|;rrca(Wi till at last either the adhesion or eoliesjon was overcome 
and a break appeared either between Ibe ivater and the glass or in 
tbo substance of the water ilself, Tlie appeaniileo of this rupture 
was gign^diised by a sliarp clicks and a bubble sprang into existence 
in the water. The bubble thiLs produced rapidly iiugtuented in sko 
tLs ihe water, now rdieved from the stretching forces, assumed u 
volume corresiponding to itii tentpemtinne at the moment. Bubbles 
nfipear around the original bubble and pass into it* 

By estimating the amount of deformation^ of the glass envelnpo 
when strained by the contracting water, and by determining experi¬ 
mentally the pressure needed to produce the same deformation, llie 
amount of the tensile stress whiob was sustained by the water before 
rupture was detennincil. In an experiment, carried out in the man¬ 
ner just dcRcrilw], w ater w-as subjected to a tension or pull equivalent 
to 7-5 atmospheres before tti? cHibesion w’as overenme. 

As was noticed this method of showing the cobesiTB property of 
water is prei*arioitfi—the slighcst overheating h Unble to burst the 
glass vessel containing the water* It is convenient therefore to have 
a more simple methml of demonstrating this property, which may 
be repeated as often m is desired without risk. The follow ing method 
fulfills these oondition^'.^ 

Hie vessel in wlilcb the liquid is to be inclosed ia a J-,diaped glass 
tidie about 1 centimeter in diameter (see 2). The long limb of 
the J is about 00 centiiueters while the shorter one h alsout 20 centi¬ 
meters long. On the shorter limb there is a ImJb with a capacity of 
about ftO ciil>ic centimeters. Tlie shorter limb is continued beyond 
the bulb aa a narrow tuiic drawn out to a point. The w hole tube is 
i.'arefully washed out in the manner descriljoil in the preciKUng ex]>eri- 
ment and about 100 cubic centimeters of repoatCKlly lx>iled water is 
introduced into it. In order to be certain that the glas^ h ilior- 
ougbly wetted, and also to make sure that the w ater is in perfect 
contact with any dust particles contained in it, the liquid k again 
repeatedly boiled after introfluction into the tube. Before scaling 
off the line tulie the whole of the apace, iinoccnpicd by the liquid is 
filbd wuth steam by bringing the water to ebullition, andj when the 

1 n, ir. Ititifti atiil jdKlj. On tht Ajtwnl of Ptill. Tnux Urt/. ti>E. 
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Kt oani lios f’-'tpelled thfl air rniil is issuing tlirough the nnrrow tuba 
tiie latter is sealed off, l\T:ieri the whole has ctwled it will be found 
that the I tube acts ns a water huromer, i, e., if, by inclining the tube 
ihe water is made to travel from cud to end, its concussion makre n 
mclalllc ring. This is owing to the fact that very little air has been 
induded when the tube was sealed, and water wpor at noniuil tem- 
perutures is unable to act as an elastic pad iti the same way ^ air at 
iiormiil atuiospherie pressure would. The clicking metallic ring then 
may be taken as m indication tiiut the gas pressure within the tube 
is very slight. Care must indeed be taken not to let the concussion 
bi^coUie too violent, os in that way the lube may be easily ahattcred. 

If uow, by carefully in dining the tube, the long Umb ia com- 
pktfly fillwl with water (fig. 2 R) and ail the bubbles arc chased^ 
<nil of that limb by holding the l*nt end uppormust, so that no breaks,' 
even ibe most ininulc, rtunain, wo shall find, on uiverting tlitf lube 

and bringing the l«iit end uiuler, that the 
water remains in tlie long limb and tines 
not under the ftirce of gravity take up the 
Juwest possible level in lioth limbs (fig, 
'2 C). From the level in tJie two limbs it 
is evident that the hyilrostatic pressure of 
tlie shorter column can not possibly Ijalance 
tlie pressure of the coIuiiiq in the longer 
limb. The one is about 85 cenLimeters 
higher than the other. - 'Iho water ui tliis 
case, like the sulphuric acid in Donny’s 
e.viK'riment, hangs in the tuhe. The liquid 
in the long limb Is in contact with the glass 
all over, and. since it wets it perfectly, it 
adheres to il. To tlie fflni of water adhering to the glass the rest 
uf the water ruheres, nnd this oohesmn is much more than able t<i 
sustain the weight of tlie column of water which is counterbslanced 
by no other upholding force. III this way the low^er part of the 
water in the longer limb of the tube transmits through the upper 
part a stres-S to the glass equivalent to its grEivitational pull- 
Tlie reality of this pull becomes all the more striking when, by 
destroying the cohesion at one spot, a rupture is started. Tills rup¬ 
ture, which uiflT be nt first invisibly small, rapidly spreads across the 
whole column. The rupture may iiaufllly lie started hy h sharp knock 
a(hjimi.rtej¥d to the side of the longer limb; but, when the cohesinn 
is very in-rfect, to produce a rupture may require a shock so violent 
ns to be liable to shatter the tiitw. When the rupture is started, the 
lower part tears suddenly away from the upper part of )lie column 
ami falls into the bend of the tube. Tlie upper part follows it more 
slowly, trickling down the inside of the tube, and all the water comes 
to occupy a position in the lower part of the lube (fig. 2 A). 
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It la ipstrin!tivo to note liow the cohe^iion of the ^viiwr in 
cxperimtfntjs is oFertome. The rupture sturls im luj exirernely hiniill 
space or diiscoPtmuity ip the urater. luirntHliately siirfiice tension 
forces develop nt the surfuct* of thLs bubble. At its inception^ being 
extremely smnll, tliese forces are very gi^st. hut if the bubble cn- 
lurgesj the surface tension forces tending to close it rupidlj diiiilnlHlt. 
In our esperimenls the forces tending to open it an? (1) the Pion:ieti- 
turn of the water conferred on it by the s^hock, and the gmvitu- 
iionoj pull giving rise to the tension in the liquid. We may neglect 
the vapor pressure of tlie bul^ble, ns it is bdanced by the vap^r in the 
other limb. If the break opencil by the sJuMik is m small I hat its sur¬ 
face tension forces can withstand the tension in the liquid Llie bubble 
will close again: but if once the hnbblo formed is so largo I bat its 
surfoce tension is overcome by the tension of the liqnich an unstable 
condition is entertul on, and the bubble is cimtiimully enlarged till 
the tendon of tJie liquid is nil. It is, however, evident that If at 
any moment we coubl condne the bubble and prevent it front cnhirg- 
ing, the liquid would again pass into a state of tension duo to the 
weight of the lower pans. 

Quite necently the author* hai=i been sibJe, by using Berthclot*s 
method^ to sliow that the eolusiion of winter amounts at least to 
laQ atmospheres and Uiat waiter, cvep when i^ubjectcd t<i a tension 
of liiU magtiitudeH, refiisfes to bo iicvei^ed from tlie walls of the con¬ 
ducting tnicts of plants. Tlie water pseil hi thri® exi^criments was 
saturated with air and contaiined in it pieeejj of the conducting tracts 
of plants. The range of tempera lure over which this cohesion was 
exhibited lay between 2^® and SO® 

Tlie tlieory of the ascent of sap* which Dr^ July and the author 
udvocatCf assumes that the water in the conductitig tracts of high 
trees hangs Lhero by virtue of its cobesiun just in tbe same way as 
the water hangs in tbe J tube. The adhesion of water to the walLs 
of the tnichcffi may lie shown to be very great, ThiiSj if n fresh 
piece of wood from the conducting tracts is inclosed in a ves.sel filled 
with water in a $tate of tension, it will be found that in evety ease 
rupture will occur at the siirfai.^ of the glasss nither than at the 
wall^ of the Inichete. The udhesiqn of water to the walls cjf the 
conducting tubes is thus prolwhlly alwuyis greater than tlie adhesion 
of water to glais^ 'fliis is quite to Ixf cs|jectcd^ if we take iiitiO account 
the rnaoner in which water jK^nneates the substance of tlie w'aUs uf 
tlie inicbea- when it is brought into contact with il. 

The teaching of all these experiments is obvimidy that w^ater 
under suitable conditions can transmit a pull jii^d:. like a rigid solid* 
In the liquid, liowoverj, the stress is hydrostatic, and, like hydrostatic 

* n. it. Wioiir Vot* on t^Tulle SlrptijOl? vt Wailtr: Vnx. Roy. thiliUti lOfla, 
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pra^sure, is irnnsmitU'd ipquully in oil directionSr It is ncit siitMflined, 
consequent]Vs by a siiiji^le poinij Imt alTocts the wliok iiiteriial wetted 
surface of the contniniii^ ve?iseL In another particular the stressed 
liquid differs greatly from the atressetl solid* It hj miicli more un¬ 
stable. A EJtnall lltiw (i. e*t a bubble) m tlie tensile liquid rapidly 
spreiitU and almost instantaneously seveKi the whole eoluiiiii; it mat¬ 
ters not how' large the cross section of the unbroken part may be, a 
compEinitivoIy feeble tension will tear it across. In the sol id—a nietal 
wire, for esaniplc —mi ibe other hand, i f the cross section of ihe iin- 
brf)ken part is siifEcient, a smaU disonntinuilj in it's stilistaTice is im- 
materjEih and llie stress may be siicco}^fully resisted Ijy the intact part. 
This differenc^e in the behavior of the tw'o forms of maltc^r when :inl> 
mitted to a stretcliing force is to be referred to tJic fact tliat tlie 
particles of a liquid are perfectly mobile and Jire free to move round 
each other without being opjK>sed by any sensible internal forces, 
whereas in solids there k a great oppo^iition to the relative motion of 
the parts. To ihis proprty solids owro their rigidily. In fact, in 
tension esporiments the liquid lieeomes capable of sustiiining ^ and 
transmitting tensile stresses only when it is adhering completely to a 
rigid envdt>l^ w'hich confers on the liquid a pseudo-rigidity. The 
state of tension then persists becaiL«e the idrelehing forces act sidely 
Against the cohesive proper! of the liquid (i- e-j in an endeavor to 
separate the water molecuies from one another—u separtiUon w'hich 
a liquid is aide to witlistnnd ns well as u solid). If, howrever* the 
liquid is free to change its shajH?, not adhering to any rigid envelope^ 
the i^mallest forces^ whether of comprersioii or of tension* }>pend tbem- 
stdves in lending to a readjustment of fomt to which the liquid owing 
to ilM mobility, readily siibmit^i, and no stress is prodmx^. On t!m 
other handj if a pull is esericd on a liqiiiil which ihtiroughly wets 
and adheres to the internal surface of a rigid vosssel and if there 
are no bubbles or discontinuities in the liquid* n state of tensinn 
iuevitiibjy feiipen'cnesv 

\Vc biivc seen that, the evaponition taking place fiom the uLiter 
stirfaces of the mc*fl:>phyll cells is eontinimlly aijstracting water from 
the trachea* of the leaf. It is a mutter of cniumoii observation thiit 
these trachem are ccmritantly tilled with water and the}" indole no 
bubbles* Exjierimerits on pieces of the conducting tracts of plants, 
us described above, show- that the adhesion Ijctwcen their w^alls and 
water is us great bn, ami probably much greater than, the adhesion 
betTveen glass and water. Hence, if water b given t^ff from the cells 
more rapidly than lifting forces rokc it in the traebew, the water in 
the latter mtjst inevitably fall into ti state of tension* 

Apart from root pressure* investigation has shown that the only 
force fnun below which is effective in raising water in plants is the 
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i^vort<?U by the wlmf^^plierc. The pnmt^pls pf ivater 
up by rppt. pi^i^um pre ipsigpifieant conipuml v^ith the losses due 
tu Imitspiriitioiu Atmo,sphpric presstire rnn ("he evnporathi^ 

ct'Il -i Jil Piost op It up to rt teTpl of n lieu it IOpS juetci^, ’\Viioii ilIIgwiipcc 
is mode for thp n^Utsiuce opposed by tlie conducting tracts to the 
Hint ion of water in them, we must conclude that the siipjd_v of vviitcr 
raised by these two forces to a heiglit of 10 meters tibove tlie roots 
must be exceedio^ly fimall, Tt follows that the water in the tracheie 
aliove this level in nt all timtrs in tensiop, and* in limes cif vignroas 
iTjinapiralJon, whenever the loss citp not l>e nindc good l>y the liftiticf 
pressure of the atmosphere, the water in the tracheae of leaves at 
Iniver kw^els also is in a tensile state, TliLs tensile state is no less 
inrvitahle at the fop of the mhimn nf water iipsuppi>rted at the base, 
such as is found in a liigh tree^ thtin is tJie state of compresi?i(m iit 
I lie bottom of a deep filled with water. Tlie forioer is caused 

by the weight acting against the cohesive foroeis of thtr wnter^ wliile 
the latter is necessitated by the weight ncting against the resistance 
of (he water to crtishing. 

Chving to the permeable nature of the walls, the water in one 
trnehea is contiiiuou^i wkli that in its rieighlK>n> (And t^e^ueplly ihe 
tension in one is transmitted to the water in adjacent tracheae. Thus 
the tension applied at (he mesiiphyll cell surfaces is transmitted 
downwards, tlirough the water in tl^e trachete of the leaf and of the 
j>etiole, to the water in those of the stem. 

While iiir bubbles are found e:«tremelj rarely in the tnicheffi of 
the vascular bundles of ihe leaf^ investigators seem agreed that thev 
arc of common occurrence in the conducting tLssure of die stem. It 
is evidont that in the tensile water in plants these bubbles will l>ebave 
exactly in the same way as we have seen Inibbleifl lit'haTC Ui the experi¬ 
ments on ten?5ib^ fluids^ If they ace sufficiently minute^ they will 
have a yciy small raibiL^ of curvature, and the surfac'o tension forces 
p re venting ttiem from enlarging will l>e corrcs|xindingly great, 
liTHien ttiesi'^ foi-ei‘s balance, or are giTiiter than, the tension in tlio 
water, the tension will be transmitted |»ist the bubbh^, and if the 
Imhhles adhere to the wuills of the tnichea^^ the tensile stec^am will }m 
<lrawii past them. Kamerling^ hna shown that a hubbli! haring a 
radius of tXOl millimeter is in equililirium with a pull equal to the 
hydro^itiitie head of Ltj5 meters. While one ba\dng a radius of 0.001 
millimeter=t ^ could resist the tension exerted by a column of Ifi.lf 
meters of wuiter, tbthbica having a niditis of 1 ^ would just be viss 
hlo with the Uigheifi diy objectives commonly in their diameter 
living alKuii niiedifth of the diameter of the lumen of the tinest 
trncheids of the pine. Ihibbles of this minute size arc almost never 
nb=y?rved in the trachea? of plants. In fact, the methods of prepam- 
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tioii, involving ns they do the relief of the vxij-ting tension, or even 
the exjxisurc to flliiit»s|ihiirie pressure, would cause hubbies of this 
mftgnitiide to disapijesr. A tension iinything greater tliim the pull 
exerted by a colimiu of water l.tJ/i meters will overronie the surface 
tension of bubbles leaving n ilinmeter of 0,<K tiiillimeter, and they will 
tend to expand indefinitely under its action. Tensions as great as 
this til list frequently occur iu plants. On first thoughts it might 
ii|)j>ear. then, that one hubble having a diameter of 0.02 inilliineter 
or more would destroy the poisibility of tcnsicui in the water of (he 
I'nndiieting tnn-ts. .V luotnent's consiileration, however, will slioiv 
that the structure of these tracts set-S a limit to the enlargemeut of 
the bubble. In the conducting tracts after the formation of a bubble 
the sequence of events will lie as follows: The water around the hub* 
ble is drawn aw ny by the tension and the surface of the hubl.de comes 
to rest against tlie w’all of ilio trachea in which it has dcvcloi>ecL 
The retrwiting surface is held by the wall,'am] as more water is 
drawn away the bubble can enlarge only longitudinally. At this 
periml the surface tension of tbe spherical bubble is re pi awl by the 
eupillary forces of lUe ttdudnr traebea, and, the capillary forces devcl- 
<ipeil in tht',se tula'S ts'ing iiiKulHcient to withstand the leosiou, the 
hubble gmdually pulLs out till it coiiiidetely tills the trachea. Wlieti 
this stage is rearhid the biihble can enlarge no more; its surface is 
rest mined on all sides by the walls of the trachea, which, as is well 
known, though very j>ermcitldc to water, ore so fine grained that their 
capillary or imbibition a I forces are cnorrnoiis and hold the surface of 
the water, limiting the biilible close to their inner surface. Siir- 
rouiidcd thus by the imbibed and rigid wall O'! the trachea the bubble 
Ijcconies just like a weltetl solid or rigid body in the teiLsile current. 
Xo doubt U (tiiiiiiiishcs the effective cross section of the fiow, but, 
owing to the fact that the osuiduciing tracts are suldivided into such 
iiiiinlx^rs of minute compartments, the development of even a large 
number of bubliles is iinnble to wreck the stability of tlie tensile 
column of water in the wjxkI, 

The state of affairs in the conducting tissues is illualrated in figure 
11. For the sake of simplicity a longitudinal section of a conifers 
wooil is represented. The shaded tracbeids aro supposetl to be fiilctl 
with IV a ter, while the light s puces indicate those containing air hid>’ 
hies, which hav‘c l»een expanded by the tension of the transpiration 
stream till they completely till the tracbeids in which the buhblea 
occur. It is evi<letit that even when a large number of (racheids are 
b1ocke(t with air the water column in the wochI is not broken, but is 
drawn around the bubbles inclosi'fl in and rendered harmless by the 
walls of the tnicheids. In the figure for example 50 per cent of the 
tmeheids contain bubbles, and yet a considerable volume of water 
might be drawn up iu tlie remaining tubeii. The imbibitioual pro[»r- 
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ties of Ihe wiiiJs of conti^ioiis %'i‘iiter-fiUc<i li-tteUciclii reiidi-r llie WAt^r 
tlirougiiout the stem cimtiiinoiis. C’onsi'^iiiently th\\ stn^ tlev^cloped 
ubuve is tmiismittcd moitiid the uir bubbles untl ilrEiws the streuni 
l^rtst them, to iLse 
Sdi\ven<]ener^ tiff- 
ure, like ishiiub iri si 
river* Henw it h 
evident thnt it wmk] 
he imposs^ihle to 
sever the eojitinuitj 
of the water in the 
eon ducting tracts, 

1 . e,. to jirevetil 

evil [joruti oil ii b o v r 
from transmit ting si 
pnll to the water in 
the roots unless 
t raeheie containing 
hubblc-s weri) to form 
in some place an uii^ 
ijroken d ia ph mgii i 
acTOsa. the condncl- 
ing tiSMuea of the 
iiteJin 

From this cxaiii- 
iiiation it sippenrs 
that unli’sa an ex¬ 
ceedingly large 
oiimlier of the con¬ 
ducting tubes con- 
tain air ninl are sir- 
range<] in a special 
nianiier then* is no 
likelihood of the 
tensile column liciiig 
broken. On the 
other handt the 
amount of w^ater 
Lranamhloil in the 
Hli'eam will be af* 
fccted by the iinni- 
ber of trachcie which contain hubbies and which are consequently put 
out of action in the traor^mlssion of water drawn upwards under ten¬ 
sion. • • • Although our knowledge as to the actual ]>ru{Kirtlon 

of trachea^ containing bubbles during transpire lion very ute^tis- 
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faclciiy, j'ut wfi liave no oTidenoc that the coutiniiity of tlie whole 
watei' colDtnn is over during' trnnspiralioji iiit^mipied in pluuts. 

Hero it will be intei'estiiig to i-onsider the ^truciure of lliu con¬ 
ducting tracts ond to sec how fur their details bear out tiiu theory 
of the tensile 

The salient feutmu of this struct tire is the subtlivision of the 
ivulerwnys by ftii ittuncuse nniiihei' of lotigitudhull and Lriiiusrei-sc 
|iurtUioli.s into minute colnpnrtmetits—tliu vessels uiid tracheicLs 
Kor a if^'stem the function of which is to conduct ilnicls, this is evi¬ 
dently u iinwt. umutpecied cotiiignration. It is tine that the parti- 
tiems are [>ernienhlc to wnter; }>ut when ii cotishlei'able distiince is to 
Iw traverseih tiic sum of the resistances opposed l>y the walls to the 
flow is not inuppreciafjle. Tiiis becomes clear from the t‘xperlmeiits 
of Hohtii,* Eifving,^ and Strashurger,® coinpiiritig |]ie cnnductivity 
of wood in tangential ami longitudinnl directioiiH. Front them is seen 
that the pi-essuiu roquireti to force water in a tiirigvntiiil direction ts 
hiimensely gveRter than ihat iieedtid to urge it longitiidiunity in the 
wood, although in tailh coses the wnlor is free to move through tiie 
pits. In the tutigeiitliii ilirectioii, hoivever, in the same distance the 
number of walls trnverse^l may Ijc liiindreils of times greater than in 
the longitndiiijij pnih. It is evident that the persistence of tlic walls 
in the development of the water conduits of phittts—InlrtMhicing. iis 
they are Elioirn to do, an immense resistance to How—^is ineicpHcaVile 
on any view which regards the water as Ijeing forced tlu'HJiigti the 
stem. \'iewed, however, in the light of the tensioii hypothesis this 
structure becuuies n most bwiutifui tidaptation to confer stiibiiity on 
the tens!leiy stressed transpiration slrt?nni. and one which trau.sfnnufi 
the water, despite its mobility, into a sniistance wiikh is stable w hile 
sustaining vrry great stresses, just as if it were u rigid laidy. True, 
the tensile stream cxjieriejices the resistance opposes! by the numerous 
walls, but tlie presence of the partitioiLs, conferring, in the manner 
just I*£>iijted out, a new property on the water, renders nvailable such 
an enormous source of energy at the evajiomting surfaces in Lho 
leaves for the lifting of the sap. Hint the amount of energv which i.'i 
spent in ovemmiing tho resisdance opposeil by the walls is relatively 
insignlficanf. 

Tiio vlongaleil form of the conducting cletiienls secures tlint ilii' 
resistance shall he small consistently with the stability of the watei': 

^ J. I?Ohm, Xw. caniw du biciuv^meiit de I'miu tt d# la fajlulf pITwiilnD df VnXf dHa^ 
Iffii PSulM. Ajul a iAch S*t. BoL, XII, ItSl, p. a,ia. Jrftfcn, IVbpr die Cfuebe 4i-r 
WiafrfEnririyijfljifi untt ivtltiRvrf^ tiUrttf^UjilEils \u ttuiipljlrfnil^o Pfljj,ni*iL Hmt. 

4P. ISSl, 

J Fr. iJlffiiHf, X^rher div If'i'jiMttli'ltmaB leu Hull- Ktj., 4^. 1S=12. 

^ BlrrtiburKrr, Tcber den Uau imd V«r^lc1£tuI]£^ea dirf In d<n 

[■iSaiLuii. iSPln p. 
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fur, of course, if the tension is n bubble in n long tube renders 

a larger of tlte conducting tissues useless tlnm one confined 

in A short vessel; but, on flie other hand, u lien the long tube is ooui- 
pleiely hlletl it tren-smits more readily than if it were subdivided into 
n nniiiber of tnicbeids. Ihmce we may regard the formed of 

long vessels as the path of tlie most rapid part of the transpiration 
current wlieii tlie plant has an abundant supply of water, while tlie 
traclieids transuiit tlie slowly moving water and continue in function 
even when supplies are very limited. It is also evident that the 
small cross section of the ttilK«, though also introducing resktanee, is 
most essenlliiL In lliis way each bubble w'hicli is fomicil occupies 
only an inlinitesiuiul pari of the cross section of the whole w'ater 
current. 

The structure of the walla ttiein>4eJvcs is also in complcto hnnuony 
with the tension hyjjnlliftiis, and finds its most uutural explunation 
viewed in the light of that liyjHithesis. 

It lias long been m-ogniKed that the thickenings found on the walls 
of the tracheie. vik, the internal supiiortH iti the form of a tin alt, 
spirals, and networks, are of such a nature that they are preeminently 
suittHl to Fcaist crushing forcea.’ Such strengthenings are quite mean¬ 
ingless fi-uin the iiointof view of the imhibition and the various vita! 
hypotheses; luid even nr cording to tiioae views which regarded the 
sup j)cessed upwards hy gua or atmospheric pressure they are nceil- 
lessly strong. Ft>r it has }«en shown tliat it is impossible to criLsh the 
ttilw-s of u leaf by an eAtemnl pressure amounting to 30 atmospheres,’ 
when, aciTording to t he theories just alluded to, they would be exposed 
to (uto atmosphere at meet. The presence of these thickenings in the 
tradieic of the leaves forbids us necepling Eifviiig’a view- that they 
protect the tidies from the pressure of the growing tissues. If neeil- 
lessly bulky they are disadvautngcous because they produce friction 
and introduce turbulent motion into the upwanl stream. Ewnrt finds ‘ 
that, owing to the presents of these tldckenings and to the trnns- 
vet^^ walls, the flow of water through the capillary tubes of plants 
(viz. tiiu'hete) is only about h«lf what wo would cxiiect to find 
calculating the flow by Poiseuille's formula. Consequently for onii- 
nary methods of transference siiisuincd iu curlier theories the trachete 
of the plant can not be regarded aa very eflieient. I^jr the trans- 

'Ft. EltvlDF, Uvtxt die WaaHr]«l|UDj; im irull, B&L -i:!. 

* Am mppeiu* * tt^tn the furl IImI wulri^ In bnckvartl* rnrai the iwf eel^ hala 

th* brmnchM prewum iHM^al IhLa mifiil nqdi-, Cf. E4p<>rl of a rJEA^hnlaEi do Ihn 
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niissldn und stubility of u teni^ile sltfrmii* however^ th&^ tliickeningB 
HfB And their ^strength^ so far from being gu{>ertlaous., is 

probibly often u^ted iieverely in time±i when the tntnspitHtion re- 
movcii large quantities of waietr and so develops high tensirms in the 
sap* The whole wall is not thickened uiiifonuly l>ccaiise the perme¬ 
ability of the thinner parts is essentitiL The thickenings confer on 
the tliLn walls the rigidity necessary to support the tensile stresses 
in the siipf 

It is interesting to find that wc often have indications that the tin- 
supported wall would not in itsidf have snlficient rigidity to l>car the 
cnisliitig forces it bi e.xpoj^ed to. Tliese indications are particularly 
freriuent In tlie protovylcaiA Here comnioalYp when dongation has 
widely sepai^utid the rings and spii^ls, the thin part of the walls of 
the vessels is drawn iii as u coiistriclion between the spiral or annular 
supports. 111 id often the w hole ves^f is collapsed if tlie supports have 
liccome too oblique. Tlvafc this is not due to tJie pressure exinitsl by 
the growth of the surroiinding tis$ucb> follows from tlie fact tliat these 
instances are iiiofit. fn^qiiently found in leavciL 

The most perfect Eidaptntion to secure the advantages of ®use of 
flmv Without seriously re^lucing the rigidiiy of the tmcheip is to be 
found in the most genenil of all the wall stmeturei?* vizj the bor¬ 
dered pit. Tlic Tneiuhrane an<l torus of each b>rdcrcd pit in the eon- 
ducting trachete JS able to take up three poiiUiujis—a median posi¬ 
tion, symniolricunv dividing each domed qlianiber of ihe pit frotu 
the other, and two aspirated or lateral positions. The nicclian ]>osi- 
Lion is natnmlly a&mmed by the uioro or ief^s tightly strelched mem¬ 
brane wlien it is not at'twl upon by lateral forces. In the aspirated 
IKjHitions the membrane is didlccded ag^iinst one dome or the other 
and the toms lies over and fills llic o|iening into the d™c* The 
membranes of pits in the common wall separating two adjacsent 
trncheip filled with warer naUitally take up the me<liati position* 
Pappenheiin- found that an imracnee nish of water througli Ihe 
pit was needed to deflect tlie membrunc! to one side. A moderate 
flow does not ilistnrb it frt>m its median ixjsition. The reason for 
this is to be found in the fact that tlic membrane aruiin{] the loruh? is 
very [x^rmeaida to water, and consequently w atcr moving at a mod¬ 
erate speed passes through it easily without dLsplacitig it^ 

The normal tratispiration current never possc^saes the velocities 
which Pappenheiiii found fvere tiecessary to deflect the membrane, 
and. of course, hydrot-iatic tensioiiL in tlie liquid on each sido of the 

II, DU&n, uf tht TriJii^lnitlon Curraih Nqtn fpcioi 
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miimbruDe trill not tenJ to cU^phec it, it h ll:kut tlie tensile 

tfDtiiipii^xition ckirroiit passing from tradieai to onolber through 
tlio bordered pits experiences only the mini- 
roiil resistiince of the porous and thin mem- 
brnne. But the very delicacy and porosity of 
the membrane render it unstiitable for sub'taiu- 
ing any severe Estress, and so wc lind wlien a 
bubble develoi>s in a Iraehea and h gradually 
distended by the tension in tlie liquid^ or by 
a difference of gas prt^ure* till it fills the 
iiacheaf tlie iiienibi'anes of tlie pits in the walls 
of the trachea become aspirated away from the 
bubble, axiil the membrane Ls supportefl by the 
dornej while the toms lies over the perforation 
in the latter like a wjtsher or plug. (See fig, 4) 

In this i>ositio[i of the membrane the tension 
of the water and the gas pressure am with¬ 
stood^ not by the thin and delicate membrane, 
but by the surface of the water, supported by 
the denser and more rigid materiid of the wall 
and of the torus, while the delicate mezul>mne 
is shielded fixan all stress. 

Thus, from the standpoint of the tension hypothesis, we regird 
the borderetl pits im mechani«iiii^ to render the walls as pemieahle as 
possible to continuoibr water streams, while, when conditions require, 
tliey provide, by an automatic cliange, a rigid supjs^rt tci the teujdle 
sap and oppose an im]>ermeable barrier to undissolved gas, • • • 
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THE SACRED EAR-PLOl^^U OF THE xVZ'l’ECS: 
XOCHfXACAZTLl. 

(With 1 pJntel 


By VViLMAU Kuh'is i^jirrouf. 


Ainonjj the niiin-eli! of the Xctt World Avhjch excited the iidmira- 
tion of the Spnni^li conquiiitudoreB wcit the piirks and gurdwtiB of 
the Aztec Empcrxir tiiid his nr]hles. CorteK, in liLs oJBiuiul teirorU to 
Churles V, described ihern tit length. 

At Iztiipiilnpjiii, oil u peninsula between Luke Clmleo and Lake 
Tezcuco, tlicre was a park wlddi covereii ii very large area^ laid out 
in squares, with the iiiterseeting patha bordered by vine-covered trel- 
lisea and nroutatic dinibs wliieh filled the air with perfume. Many 
of the trees tmJ siimbs had been brought from great distartces, and 
the gardens were arrangwl in regular plots, irrigated by ditches. 
There were aviaries filled with birds, i-euiarkubb for their brilliant 
plumage and their songs. Tiiere was a greet basin, or reservoir of 
stone, stocked with fishes of many kinds. This is desciilxd ns hav¬ 
ing a circuiuferenct! of l.UOO paces, and a round it tliere was a stone 
pavemenl wide enough for four persons to walk abreast. Its 
sides were sculptured with curious designs, and a flight of steps led 
down to the water, which fed the irrigating ditches and was tlie 
soitree of Sieautiful fountains. So elaborate and losgniflceiit were 
the gardens descxilwd by the conquistadores thiit we miglit well doubt 
the truth of their assertion-^, were the evidence not attested by many 
witnesses. 

In the capital eity itself the Emperor had c.stnhlished the botanical 
garden of Tetzcotzinco, of which there sftiJl remain a few vestiges, 
x\.fter having guthered togetlier all tiie plante and animals w^eh 
could endure tlie dimate, the Emperor eaiiscd the pictures of others 
to be painted upon the walls of his resitjenoe, so that the whole of 
the fauna and flora of Annhtinc might be represented, 

A few leagues south of the City of Slexioo, in the direction of tho 
modern city of Cuernavaca, was the wonderful garden of Huaxtepec, 
which suiTvived the conquest, and to which HernLindeK fref[uently re- 
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^^^tL^uiiiticAlJy ^rruKitetl in u iiifinn^r wliidi displayed iMJth iirtjstjc 
l^ate mtd horticulturial knowledge; mid it is safe to say that it would 

not have bt43ii ea^y to fioil 

t their etjual in that day in 

any country of Eijroj>e or 

There has cmne down 
to us an Eiccounl of the 
methods by which this 
remarkable gartlen was 
^^toeked with some of itFV 
fjukst precious plants, 
Tlaeaeld, the brotlier 
of Motecuiu&oina llhuiea- 
mintiT chronicle states, 
roiu-ei ved tlie idea of -col¬ 
lect Lug the waters of 
Ilnaxlepec, iri the moiin* 
tains south of the valley^ 
into ]i greiit reservoir 
fiHini which they could bo 
dbtr'diiited and g:ovemed. 
This work was under¬ 
take n aiulj at hb su^ge^i- 
tion^ a garden was laid out, 
ilessengers were then sent 
to various parts of trop¬ 
ical America for plants to 
stock iL From Piiiotl, 


viceroy 

the Eaiiseror requested, 
among other rare and 
lieautifnl plants, the i/oio- 
sKtfcAiV/, nr "■ hoart-llower^ (Talinimn mcititwm), a single blossom of 
which was siiHicknt to bll a whole hou^^c with fj^gmnee; the 
eacahx^ehillf or *"cmw-flow'er"" {Phirmria nf^ra), used by maidens 
for decorating their hair; the {B&un^eriit .hnaidta)^ vvith 

dusters «f fi'agi'aut igalver-sliaped tlowers; and the xaekiniiea^tUj or 
ear-flowerj'' the botanical identity of which hoi^ lung rcuiained a 
mystery. 

The fitvt account of this flower was wTitten about ISGfl by Padre 
Bemardluo de Sahagun, who refers to it m ‘^the sacred 


F[^. t. —XorAliat-ajm, FTmi auFk!MlVf. llloglmtlQra 
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fers in his great ^vork. Here wcm collected t rees, shrubs, and herlMi- 
ceons plants, native and exotic, sjine selected for their lieanty, some for 
tlieir fragrance, and otliers for their mefli<nnal virtne^j. They were 
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mr/* find states that it iras much ijsimI for the pake of Us frci|rfTint 
tHior and fnr drinking, ground up v^tih diocoiatt\ 

Francisco HeriianflcKi, the ”protonurdicfj,'- by Plijlip ITj in 
1570* to to study iiy resoiim?Hj has given a fair illiistmtion of 

the flower (fig* 1), and desinribos it umier tlie heuding “ Th Xochisa- 
CAs^Ti.ij sen Flore fliiricnla-O* This description, in Latiin together with 
the figure, wiis puhlisfus] iti the lloman edition of hia work in 1C51, 
The same de*jcdption, but withoiiL the illustration* appeared before 
this m the Spanish cfliiion of irGmandei^. ]iub1is].iod by XimcncK in 
tile City of ^Jexioo in 1015, It is as follows j 


Tiii^ J'itrhinccitzfii la a rare trii^, wUh loarea tfaift und niirnm ntuS of a il«|> 
aieeii rtiinr. Un floncrH. bo rue cio a iivndoiit Tehot;^^ iKwinntte, arc aivfdftl Into 
IcavcB. wlilrb are [vuri»l!l^ wUhla anil lherlaici>v>LiM ivitlj^^tin itlia|ifMil oluitiHt vr* 
aeflj* like tiinl of it ivry airrcealile tdor. }t f;rrkw» hi warm coiialrlea^ and 
tbere i» aoUini^ else In the ncfPipKPi UJiit iititTkeOf of tbe Iianuntt mure frt- 
qiwiitly fo[inil nor iaofe IiTpbly tlma ihls flower, Tlie wlilch Is wont to 

Rhe Uifr rim,no mid tnsta, tiiRi'Mii^r wllli a \vry fniRnitU m\nr and 

flavor tf> that wid>rateil Urlnk menc, wlUcli tia*? rail rfo^fv^tal'r, a ad n lni[iiirts 
to It iM^rtaSii tonic |>roiK'riieN aud wbHTi»fiuaii^jH«« riJ? ivrJL It \tf hhIsI tlmt \rlu^n 
drunk hi wator thla flower dlsra-bi jlatiUaacjr^ lhubcks pliICKm to Locoiuc thin, 
warttiEi and f^imfortK thv i^niiimEii wlrkli hria Ulvu chIJIrd or wenkmail. us well 
flfl the heart; and Cliut It |h t^tat'acUpus In iiNthmci. itronnd lo n ^Kiwdar With the 
addltlci] of two i^tMla of the larin? retl |K?|iia^r« entb'd wish their seeds 

tenioTCfl 41 nd tuaRti^ ui> u whlelL \r ii kind tpf griddle on which the rmfives 

toast aiol nuike their brtiitl* eane^l hy as mhUijR to tiie yame thrw 

droll* lialRani mid tuklii^ It In itotue suitable Ihtaor. 


Since the time of Hernandez many works Inivo uppenred in wiiich 
tlw eranomic plants of the irro diMuss^'il,* but in tiono nf 

them Its, ihti butuiik'ul klcritily of tbo !cochfiw:a£i7i hintod nt, though 
it is invnriiibly tiifintinncd. That it 'kus to he found in tlip forests 
of tlm Tk-rriMralionte rlie nutlior of the present pnper felt confi¬ 
dent, and III- rcod ivilli interest the flcocmiits of all tru^-elcis in 
southern Mexieo iin«| Guntemala Vho spoke of the delicious fijivtir 
of chocolate jm-paivd witli the Ihnvers of (he Ore/ttefa. Mis tlLs- 
eovery of the iiletitiiy of the (lower was iilm<wt tin accident. WHiile 
working upon the plantii belotyiinj? to the Aiinnaeeie.or Custjtrd-nppU- 
family, of Mem-o, hectmie neross a in the files uf the Liu- 

lean of PInnt Industry of tlic Deiiartment of Agriculture, showing a 
number of flowers with their inner petals very much like the hitm^an 
car in shape. This pbotoijniph bad Iteen taken by Mr. C Ii, ftoyle in 
UKW while accitinpiinying Mr. O. V. Cook on n mission of ngVlenI- 
lurul exploration in (Tiiatcmida. The flowers were found in the 
market of the town of Coban, in the department of Alla Venipast. 
Ihe phntogniph is bore presentcfl (p|. 1). Jt was not. necom- 


^ (.-t In tioUiimi<a> «]<n uiJcnf mmI. 
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pBTiieii by not<?s asv to Mio uses to ■wliith thr flowers were fipprie<l^ 
bijt Mr. C-ook^ in his joiimaU srtnlca thnt the flowers of an Anona were 
i^^fTen'd for sale bcitb fresh and in thn form of rlriiml hhdi petak 
curled up on t]se edges anti heavily veined inside. They bad ft plrn^f- 
ant, si)icy oil on lie describes the flowei^ as lurving the sepals 
and fill ter petals light greMi mitl ihc inner thicker pi'tiils of n pale 
dull sal man color and breaking witli a bright orange-rolored frac- 
inre. No sijecijuens of the plant were ecdlccted at this tiiue^ but on 
MEiy iVO, truXi. two year^ afierwardj i!r. Cook $e< nred specimens of 
mi Anonac«c)Us plant nt pTaeiiltenango. Cfuatemala^ wliirh he did not 
assoi-iate with [he flowers be had ^nm in the Ccibiin market* On 
exaiuiiijTig these s{iecinKttis in the Unital States Katiutial Ilerbariimi 
(sheet No. i*744ll) the identity of the plant was rcvealefL Tlio 
of I he .:\_isEec#f was no other tluin the plant descrilicd by 
Diinal fmm the dm wings of IMoidno smd Sesrf as Cf/fftb&peftihurt 
p€ndul 

The discovery was annoiinrefl in u paf>er ntad Wfnre the Bctanicitl 
Society of \\ ftshliigtonj February The accompanying illiia- 

tration^ draAvn liy ^Ir. ^rheotlorc Bplton from the s[^ciiiicni!i coiloctofl 
by Mtp Cnnk and from the photugniph c^f Mr. Doyle, will aen^e for 
comparisnit with that cif llernand<^, which is also repnxhicctL The 
inaccunuy of Hernandez's figure consists chiefly in the fact that the 
upper flowers shtiwui by Iihn have none of the [wtals re volute^ or 
incurved nlong tho margin, wliile the louver flovi^er lias alt ^six petak 
incurved^ suggesting the fruit of the urumiitio star-anise of Japiun 
It WHS a pimple matter to te>l the qualities of iho petala by eating 
one of thein+ Tlie ^a^:^e was pungently aminatic and suggested that 
of a nutmeg, or perlmps a cubeh. 

The Xtx'hiiiacaztli 15 enfleiiiic in 

the fori^ls of norlhwestern (luatcmalii and nemss the border iri the 
Jlexinifi State of Chiapas, Tho uU of iia flowei^ as a spice gradually 
died oLit throiighoiit the greater part of Mexico with the introduction 
of cinniunoii from tlie East Indiess which Jhuow, tugdlier with vuuilliij 
almost ufiirermilly u?sod fur flavoring ehucolatc^ The small tree grow'B 
in regions ivherw there is a markc*! dry and a niiiiy Heason. usually 
associated wilb eoffee. iind it nuild in all probability be eiihivntcd 
wherever coffw will thrive. Both oii ncccuint of ihe f nigra nee of its 
flowers aijtl for their application in <amking iia a delightful conditnent 
it suggested lluit tliia pliint i>e eiiltivatcih 
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FOREST PRESERVATION. 

[WlUi 7 plAt^J 


Bj- BlSMUt S. Graves, 

FufTMtrr antt «/ 8ervivi-t Orpni'ttn^'ni bf Aariruliufr, 


Ten year?? ago. in the Smitlisonian for 190U Oittord 

Pinchotj tlien Cbief uf the Division of For^stry^ dtsctisseJ tlie subjcnrl 
of forest destrutrtion- He pointed out that the sttUnde of tlie public 
in the Fnited Statei? on the forest qaestioo showed two sharplj’ eon- 
(Hcting opinions. One of th^e regarded forest destruction as an end 
to be souglit in the interest of development* The other regarded 
fore^ preservation m nn unmised good and an end in itself iilwaya 
and everywhere desirahk. Contrasted wiih both these views there 
was set forth anotlier, in words pregnaut whh the spirit of Lhe un¬ 
born conservation niovement: 

Frotii tlie [Tolnt of vlijw ot national progress iLi? one oplaloa ia as mistufceu 
as Uie otlier. are \\kv\y to be snurvIvM hy that jvhRm of tiiotiaht whlcJi 

regania foreftt rrotedJon si a ineatis, not an eiifl; whleJi comeada that in-erv 
part of the loud surface sluotUd tw p^vea ihat un^. imaer wLlcb It will eun- 
trlbnte luoHt to ttie ^enerat {irosjierlty. anj the jinn^w of wbose aetton Is? best 
nlirtised. In Uih Innaunge of rresliiont ^^o<lweTe3^, as the jierpetiiutloit of forests 
by use."* 

The progress in practical forest preservution which has been made 
in the lO-yeer interval since Mr. Pinchot’s article on forest dcftl ruc¬ 
tion was written may fairly be called Frtaillifijt. In IflOl, of the 
relatively few persons who were alive to llie fact that some khid of 
action must bo taken to offset the effects of forest clcstruction, nctirly 
all either lacked any definite progTsm for the Holiition of the forest 
ptxtblcm or favored remedies which were incapable of meetinc the 
sittintion. The two reniediKi commonly proposcil were the provision 
of new supplies throiigb tree planting, larjroly by Unmrti, oTid the 
reservation of exLstiiijf supplies through the [irohibition of use, Aa 
early as 1U73 Congress had attempted to promote tree plantitig os a 
means of providing timber supplies in the mitiirnlly treeless regions, 
by passing the limber'CiiItiire act, which grunted lioTnc.stcads to set¬ 
tlers on condition that one-fourth of the entries should be phinted 
with trees ^ and the idea that forestation could be developed on a 
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seals stifKejsntly lurjO’s to compstiyiitf^ for the stripping of jrront stsqs 
of timbered ominttr persiated long after the practirni fiiUnre of the 
timher-cnlture pet hud led to its repeal in iSHU The reservation 
idea was illimtratod in the State of New York by the constiluttoim! 
prohibition of any cutting on the State holding in the Adirondack 
iijid Catskil) preserves, and also in the popular understanding (or 
raijier misunderstanding) of wliat was intended wlieii I lie western 
forest restirves of the National tlovemmenl were firsl set aside. 

Tlie total area of these reserves in IJIOI was less tlian 50,000,000 
acres. Their ciifftody was in the hands of the General T^and ORicc 
of the Department of the Interior. The administrative work of 
caring for them was confined almost entirely to protecting thorn 
against fire and trespass. At the reqtiest of the Secretary' of the 
Interior, the Division of forestry of the l>ep]irtmeat of AgrienUnre 
hud Ijegnn to make technical stncltii's with a view to showing how 
fonsty might f>e applied to the reserves; but the resources of the 
Division of Forest ry were hojielessly small, in comparison with the 
ifiugtiilude of tliiih tusk, and the foresters were without any aiillioritv 
to Insure the practice of forest coiLservation through use, even where 
they might have known how the tiling should he done. The regular 
scientific Flalf of the division totaled only df) persons, and its entire 
a|iprepriatio]i was Init $88,520. 

Although the principal effort of the Division of Forestry' previous 
to ltK)l had Wn directed toward the private owner, lesstlmn 180,000 
acres of private forests were reported in that year tis iictiially under 
forest inunagement in the fluitcM] States. Tiuleetl. the vast field of 
American forestry hud ut that tiun; Imrdly begun to lie e.vplnred. It 
was ulriimt. us inuL-h of a Icini inctignita us was the American Conti' 
iient to the pcogi-nphers three centuries ago. For except to a limited 
degree in the eastern part of the country, no basis existed for forc- 
ea-sting what the forests of different regions would produce anniinilv, 
and therefore of prescribing what should be cut annually; of judg¬ 
ing what would be the effect upon the forest of any specific opera¬ 
tion; or of insuring forest preservation through use' Whenever llie 
advice of the forester was sought it was necessary to begin hv investi¬ 
gating tho underlying problems instuac] of applying knowledge 
already gatherwi. In a wortl, the reietit'O on wtiich intelligent tisn of 
forest resources depends was only iK-gitining to tie cleveIo[>ed. 

A legal basis for the application of the conservation principle to 
the foix'st reserves, or natioTial forests, us they been rue short Iv after 
the transfer of their ndministration to the fjeiwirtincnt of AgHciiI 
hire on February 1, ]!)05, had Iwn created hy the act of June 4 
JSflT. This act dwlarcd as the p[irp4>se of thesi? resetn-es “to improvn 
and protect the foreat nr for the jnirpose of securing favorable coii- 
ditioiis of water tlows, and to furnish a continuoiw supply of timber 
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for the 11 % and of cUiiiens of the United Stetes'-; and it 

also anthoriMcl the Seerctan' of tlie Interior “'to make sncli rules 
ttiul iie^lutions and establish such service as will insure the objects 
of sitcb reserrntions, nainel^\ to rc^^ilatc their occupancy and use 
nnd to preserve the forests thereon from desinictioTi,'' 'I'lie same act 
spectficalK' milhorizcd tlie sale of timber under methwls prescrilsed 
l>y the act and ttnlhorized the Secretary of the Ttiterior to permit 
free use of timber under n'gulations to la? prcscribctl by him. In 
other word."?, tlie law* had csplidtly recofniiaeil that the fori'^sts wen? 
not merely hi>sirded reserves f>f timber, but public property to Ijo 
devel(>{)e<l, to I* oc<'iti>ied. and to l« iLsed as well as to !« presen'ed; 
and further, it rerojpgkcd that the sum total of these ends couiii be 
attained only throiigti regulated use. Vet the only product, which 
the Se^-retary of tho Interior was iiulhorijwd to dispose of was tlio 
timber. 

liy the art. appimrefl Febmnry 1, entitled "An act. providing 
for the iriinsfer of forest i-esei-ves froiu Ifjc Department of the In¬ 
terior to the Dejwrtment of Agriculture,” full autliority wns given 
for i-egidation comldned with the securing to the public of a pro|)cr 
rntum for the UiiO of its resoiirres by privftte interests for public gain: 
for tills net sjiecdded the manner in which all uioiiey received from 
the sale of any pi-T>dticts or the use of any land or resuiroes of said 
forest reserves” should In? disposed of. Thus when (lie Forest Serv¬ 
ice took charge of the national forests llio way was dear fur solving 
the administrative pnohiem mvnlved in giving practical effect to the 
policy formiilatCfl in tlie act of June 4. The national fui-ests 

now contain □ gross area of over IflO.OOO.OOO acres. Except in the six 
States of Washington. Oregi>n> Montana, Idaho, ^I'yondng, ami Colo¬ 
rado, in which the authorily of the Pi-csident to add further to the 
area of the iiationfil forests was withdmwn by Congress in lfl07, 
tirnctically oil the public lands of the United States capable of con¬ 
tributing most largely to tlie public welfore by their managunicnt 
as productive tiroherJaiiHs or by ibe effect of their forest grow tJi in 
protecting water supplies or preventing $oi] erosion, or hy l)oth to¬ 
gether. have lieen put into tlie national forests, WTiorever the timber 
on these fortisls is in tleniand, it is now ladng sold (or given away 
where setllemenl and development- can Inyit Iw jmimotetl bv free use) 
under methods whicli will not only maintaiii but also improve the 
timlier gro.ti'th, and which at the same time safeguard the water sup¬ 
plies of ihe TV'est, The total aiiiotiin of timber cut from the national 
forests lust year was nearly 1400,000,000 feet; of this the cut under 
free use ivas over 100.000,000 feot. 

The Nulional Government has also adoiited a plan which looks to 
forest preservation, for purposes of stream protection, in Lhose parts 
of the cuuiiti^' in wbidi there arc no longer public lauds available for 
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the fomiaticiii of n»tiona] Unckr tliie pkn the (lOvcrniRent 

will lx>tL buy Ifliul to fonu ea^Leni foressis and will LHwperate with 
States to protetrt State mid private holdings from fire* 

Important progreiis towJird forest preservation has also l?een made 
as a iwiiU of action by the %Statcs, Ten years ago the only States 
which had given niiieli attention to their forest problems were New 
York and Pennsylvania, In New' York the Adirondack and Catskill 
Preserves had i>ecn created and contained ii total of about K40O,OfX) 
acres of fon^st land which the State had iiiideKaken tci hold and pro¬ 
tect from fire: and a jKjfiey of enlarging these holdings by further 
purchasers had been inatigurareil^ Fire protection of private hold!ngi^ 
under a lirewarden gjystem Jiad also been begun in Xew York, the 
SiLite slinriiig ci|nal]y with the towns in the cost of putting out firc^i- 
In Pennsylvanisi a vigorous public sentimentj developed Milder the 
leadership of the Pennsylvania Foresit Associntion* luid resulted in 
the creation of a State department of forestry with a cc^mmissioncr 
of forwtty* lit its head: in the acqnlF^hion of land for State reserviu 
lions with ii total acn:'itgc wdiirh lK^f^>l^^! the close of ItSOl was neiiririg 
half a niiUion acres^ in provision both for the ifinnageineiit and for 
the sale of timber from these State holdings; and Ln a fire law which 
Tnade towndiip constables firewardens. New York and PeniL^ylvanitt 
hud laitb providc^l for ibo pnnislujieut of persons cauHiug fires. 
Maine also had si forest-fire luw^ while Michigan^ MiniieiKHa. Ntnv 
Hampshire, and Ohio had State forest CDiumissionerSf kmrds, or 
bureaus* In Massachusetts tlie State board of agriculture acted alsii 
as a lioanl of fuit^iatry^ while the New York work was under a forei^t, 
tiiih, and game comuiissioin 

At the present time the New York reserves contain* in round 
numbers* 1,042,000 acres., and those of Pennsylvania fV^l^OOO acr^, 
while ^richigiin has 2^2SX)0 acri^, Wisconsin 385,000 aeros, Miiu 
nesotii 51*000 acres* New Jersey M-OOO acres,. Maiyland 2,000 acres, 
Indiana 2*000 acres, Vermont IJOti acres, and Connecticut 1,500 
acres. Sevenil other Slates also hav* ms do a lieginning toward the 
foniuition of reserves 

A most notalilo advance has Wii made in State provision of fire 
protectinn for private holdings^ Generally the finit attempts to 
combat the fire evil took the fonn of laws providing for the detection 
and punishment of jjersens who willfully nr carelessly caused forest 
fires; and ihcaecojul step was to provide for UkuiI w'ardens- either by 
adding the duty of firewat^^Icn to that of s^mie existing official or 
hy authoriKiiig the apfX)intment of tnch for this duty e-xdiisivLdy, 
to he paid for time actually spent in fighting fires. These wardens 
were iiHiially ern|>ow'ere«l to employ iAh^r help, and often to require 
the services of lucu needed to put out. 
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Keal progress begun wlieij it- wns twn that U h much more tin- 
portjiiit- Iind less expensit-e to llic eommunitjr in the long run, to uim 
ut lire prevention tlmu to liegin to net only after the Hre. hns l>e«>iiie 
fonnitlahlo, »n<l that to prerent fires main reliance shouhl tie placet! 
not on punitive measures, but on an organized, disciplined, atul 
efficient protective fo^, under a tedinically trained forester, und 
regnJnrly employed in watching for firis nnd catting downi the 
niMs^ of fire. In heavily forested regions this means patrol during 
l^he fire season. It also means stieh protective measures as the pro¬ 
hibition of hrusli and fallow burning during the fire season, except 
under permit, the etJuretion of the public ns to the hnrmfninesa and 
the prevention of fires, and watchfulness ogoinst such special sources 
of dunger m* railroadK, campers and fiahcj-men. logging and saw in ill 
oulht^ etc. Such o fire-protection ^'stcni cjin not, of course, tic 
esmUlisheii without an adequate appropriation. The States of C«n- 
necticiiu Idaho, Maine, AfandaiKl. Michigan, Minnesota. New Kainp- 
shire New Jersey, Xew York, Oregtm, Pennst'lvnnin.and Washington 
now have more or effective systems of organized fire pretoction, 
i'ltJier partly or wholly at Uw exjwTise of tlie 

In certain western States u system of fire protection under miihor- 
ity of the State has developed along a somewhat differeiK line. Tim- 
lieriiind owners in the gnnip of heavilv forested Slutes in the Vorth 
wi-st, froin Alontami to the Tacific coast, have on the whole lieen in 
ailVlincL* ii^f the local public fientimeiit in rwo^^niftou of the need of 
systematic lire protection. It is perhaps not to be wondered at that 
m this region State legSdatuns were at first not able to see unv rea.son 
for spending jjuhlic money to protect private timber which wns 
mainly m large holdings, or that timberlaml owners shoid.I have 
organized to do at their own expense what the States were noi willing 
to do. The laws of A\ ashinglon, Idaho, Oregon, nnd California make 
It pusuble for ownere, or assocmtions of owners, of timlierlnnifs to 
nominate Frsons m their own employ for appointment as .State 
fireoiirdcns. These wardens receive no pay from the State, but 
have tlie authority of the .State behind them in enforcing the laws 
against starting fires. Fire protective af«nciiilions of timhcrland 
ownere now exLSt in Monlana. Idaho, Wasfiington, and Ore<^m' of 
thi^ the Wasldnpton association was the pioneer. Where iheir 
holding Iwider on or ore inrlose .1 by national foresis they ore lit- 
erelly joining fom^ with the Forest Service, ivhow pretecllvc meth- 
iKls they have closely followed; they generally wisli, however, to 
iqwml more [wr acre on protection than the funds at the dispo«al 
of 1^0 horest Sen ice permit it to sjumd in protectingnatamaJ fon^i 
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Only brief Dientioii cim liere lie juude of die important ndvance 
lai'bich haiH Imm made by the States in pmmotiiijr forest preservittion 
tliroiigli the giving of adviee lo private ownersL This has been done 
through tlie iippoiiitnieiit of State fcn^ters capable of iidvi^iTig, and 
expected to iidviseT those ivisliing to Icarii how lo apply forestry to 
dieir holdings. Slate foFessterSj who are techuk-ally trained men. 
have been appointed and are now in office in California^ Coniieeti' 
cut, Kansas^ ilarvlanth iiichigun, Minnesota, New* Hanipsldref JCeiv 
Jersey, Xow York, Xorth Carolina, Ohio, Fenjisylvaiijay \"ennont, 
and Wisconsin. As advisers thei^ mcji are mofet useful to farmeri^ 
and other wood-lot owners wdio eon Id not aiforil lo call in a pi’ti- 
fessional forester at their own expense^ but whose small iiidtvidunl 
holdings form in the aggregaii! no iticuJi-^ideniblo part of the tim- 
k'l'ed area of die East^ Xotwllhiitaniliiig the conserviuisju which 
is supposed to make die average farmer slow' to inlopt new methods, 
it b at least open to debate whether forc-strj^ b not iiiiiking actual 
prnijrcuss faster among these, siimll ownerji than iinioiig ntir Imiiber- 
incii. Farmers haivtv indeed, long been practicing n kind of forestiyK 
in dittt they have been drawing supplies of wood continuously from 
tlie Slime area: and since wood lots are charautei'istic of parts of the 
country which have heen longest settled and are most dcmsely popu¬ 
lated^ the_v are esceptionally favorably situalcil w ith i-eguiil to tunr- 
kcU and the prices obtainable,^ It b md improbable that, if things ai-e 
left to take their natural course, improved incthiHbii of hiindliiig wmid- 
lands on the part of snmll ownei's may lKH,*ijnie genci-ai in 
which have competent Mate tore^rters before the owners of larga 
tracts in the gn?tit sources of virgin supply are converted to the 
practice of forest maniLgeiiient^ 

As indilfemjce to forest destruction has been replaced in the pilhliu 
luijid by a remvictiou ihst the ijuestiou of future limber siipplii^ is 
one of serious public conceru, a sentiment him developed in favor of 
teghihitiorL to prevent destructive lumtieririg. The Jaws which ha’^c 
Ijcen propie^eJ look generally tow^ard either (1) the retentlnu of u 
part of the e.vbling stand, or {^2) die lessening of the lire risk after 
lumbering. Proposed laws of the first kind have set a d in meter 
limit Indow' wdikh tVml>er should not l>e cut. From the fitandpoint of 
technical forestrj' such a mpiireiueiit does not meet the need laTaiise 
of its rigidity. IkH^ision uiii to Avliat trees idiould be cut und what 
left in order to make la^t uwe of the priMluctive power of (he fonrst 
can bo wdsely lUEide only when spoi'ific conditions are Utkoii uctrmnt 
of. In the same way liiws prescribing that all slash must lie burned 
arw open to crtUcJi-in as substituting a rule of lUumb for pidgnuuil. 
Fortunately tlie working out of a letter has follow'ed the pro¬ 
posal of such a kw in MiTiiiesota, After a Lake State forest tire 
conference, whicli brought together Iasi winter i-epn^sentiilives of 
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Minnesotat ’VVi^coiisiiu and llldugiiti. and of liimbernteni rnilmailst 
itm] other* intert?stedi, tlm MimiesKHn law wa-s in a form wliicti 

left'dec!biiou to the need of bni^ti dit^posal and t1i<? niethadsf to b& 
foUowetl ontirtly in liifl hands of Llia Statv forester. 

The Lake ate conference adopted resohitions advocatinfr that the 
forest-fire protmive system of each State should be put under lhe txiii- 
trol of ti non part istin commission^ wltich should place the work in 
eharge of a tia-hnirally trained fon?>-ter; tlnil instead of the present 
fire^varden seri'ke of each Stjite there slioiilil Lm^ nrgsinized imd main¬ 
tained an adequate ^stem of patrol^ tliat trsiilis, Lelephone lines^ nnd 
lookout amtions should bo constructedt and that proper safeguards 
againi^ fire in tlie f^rm of slush disjiosnl^ the establishment of fire 
lines where neci^ary. uiid piitral of railroads should be iXHjuired^ 
The tmtcoine of this conference must be iiugardcd as a long advance 
in |iio|>usuls for State eonlrol of tires. 

Forest taxation has for year^ been recognized ps an important 
part of tho forestry problem* If taxes are levied nniiually on tiin- 
berlands at a liigh valuation a powerful reascui is created for cutting 
the timber olT. Even iliough the valuation is low^ tlie existence of 
laws nrider which tiiulicr iiniy, in the rliscreticjti of the local authori- 
tiesj Lie ^.^ompelled at any time to pay yearly its full share of a general 
property tux creates an uncertainty which timlx^r ow ners generally 
cleclnre to lie a serious hiudianco to engaging in forestry. As u 
matter of wise public ]>olicy it k certainly worth while not to make 
the practice of forestry hard. At the same timCj if die existing 
tax laws are modified on the plea that the pernlinr intei'CSt of the 
public in foi-est pi'cservution calls for n lightening of the burden on 
forCiKt holdings, the public will have a right ti> demand that thotse 
w ho bonefit by the chiiiLgo 4iidl put forestinto practice^ 

It must Ix! admitted that ns yet large owners halve on the whole 

shown little iiicHuation to take up the actual practice of forestry_ 

that is, to adopt lumlwring methods which pioviilc for produc¬ 
tion and amount to a money inveHtiuent in the growing of a ne w crop. 
There le, however, an important drift toward the making of an 
investment in what might be callwl halfw ay forestty* This appeal's 
in the numerous examples of cuttings in wdiich young timlier k 
left to grow, though merchantable, and in whirli* umnerchantable 
young j^owth nowr on the ground is looked after, through care in 
lumbering or through fire prolectioiij in expct-Uition of a later cut. 
From tliis to the actual production of a new crop h hut a step^ 
Ihoiigli it may be a long &t^p* 

Since foiir-fifthsof our stand ingtiuilier is in private hands, tho prob- 
lem of conservation as related to this n^uvoe must \m held far from 
satisfactory so long as a reai^nablc expectation of the general prac¬ 
tice of private forestry k not in proajwct. To i^gurd any such ex- 
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p^ctaiion as jusliliotJ by pjBsisiiL icinditiuns would show an o?er- 
sarjj^jtio opliiiii!^. Liimbennen Imve not yel reached u point at 
which llioy arc goiienilly rtHidy to regard their UaldmgH of timber- 
lands periiiutiGut iavestJimnta. The reaBoto* for ihbs ai'e worth 
considering. It is a coimsion saybg that the only luiubennea who 
Lave uiutle money in this country have niade it by buying and hold¬ 
ing timber. It tidgiiL be tfioiighi tltai these men would turn naturally 
to the idea of a pi^miitiieiit investment in prcal active t imbed an da. 
Doubtless they would if the prospective prodt were gri(.>at enougb. 
IhtL hitherto new inveslmcnta in cheap stumpnge have Wii open to 
tbelli, either in tliis country or in Canada, which promised much 
better returns tbun luoney pul into reproductimi. 

As lute alrend3' lieeii noted, the licgirmiiigs of a demaiii) for legis¬ 
lation to compel private owiiera of tiniberlands to adopt measures 
intended to seciirc the perpetuiitiuti of tlio foix^jt on their holdings 
has already iippetired. Unless private owners Oieinselves forestall 
action by taking up forestry the pressure for legislation is certain 
to grow rapidly, WHien public sentiment first licgiin to aivnkcn to 
the fact that soinetbiug ivas called for to counteract the effects of 
destructive hmibcring. it was frequently said that forest owners 
should lie required to plaiil u lice for every tree cut down. This 
plan was genentlly supposed by iLsi advocates to lie that employed 
in European eountries w'here fortist- preservation was provided fnr, 
iiuch II proposal is, of course, onlirely impructicnble. and the idea 
tliut it is applied anywhere is based on misinfomiulion. It is true 
that forest replanting by private owners is reqiiireil under certnin 
coiiditioiLs in uoiintries like France and Germany: hut the object 
of the ri4|iureU]cnt b primarily the maintenance of protective for¬ 
ests, and the method i.s not that of pliintiiig a tree or two trees for 
every one cut, but calls for a siifBciont ropluiiting of the area cut 
over to estiiblish a new stand. Tliis enn !» accomplkheil only by 
pkiiting Ii ven’ much greater number of small tm*s than consti¬ 
tuted till! mature stand, for a complete forest cover must be secured 
promptly and the number of yciitng trees required for tliis is many 
times grtiiler thpii the niunber of old trvH^, iV good mature forest 
represents tbe outcoine of a long periml of comiiclition. during 
which most of those which liegnn the race have disappeared. 

The preSK'riptinn of n diameter limit may lie called the second 
stage in tbe evolution of a pluii for enforced forest protection nccom- 
ponieit by use. The jirticiical objections to this method have olreadj' 
been imlicated. The immediate objects contemplated by this plan 
am (1) the holding of timber, which, though tuerchaltlable, is not 
yet mature, for uddilionai grotvth and ii Inter cut, and (2) the Btart- 
iug of It new crop by natural reproduction. In other words, the 
trees left are exi>et!t<!<l to act as seed trees. The seed-tree melboci 
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of socurintr rcproducCion is cmo of lli« rucognlEea metlioJs mploycd 
by fomitera. Like sluJ(h Uiiniiiif? an<l lUe iii« of a diRiiiet«r it is 
not s inetliotl AvhicU can give jiood results if npplieil under any blJiitl 
tind rigid nile. Much judgment must be used in motlifying the rule 
(u fit specific fonditiniis if tlie results intend^ tire to follow. 

In Culifornia a law* was projwst^d lust winter wliicli would have 
refpufcd the leaving of at lew^t one (ited tree oii evert aert of forest 
huid cut over. So far as the witter knows, this is the only case 
bithertft in wliicb n law liti-s inlrcwliiocd iti ftny Stal*? reqiiiin^p 
that seed slmll bo left, cxeeid as smeh trees «re provided iiiuler 
a diameter limit. 

Tlicre are scveiid factora, most of them of a tenii«iriiiy nature, 
which at present w'ork against the iidojitioii t>f lic>tter Itimlieriiig 
methods. For several years there has been a growing uneasinires 
among luinberinen beciuisc. of the evidently increasing criticism!* and 
public disapproval to which tiicir industry has Ijceii expost^l. Lum- 
heiineti feel that they have Iwen subjected to criticism which is iin- 
just. They ctmsider they are in danger of laiing giv>und between the 
upper and nether niillsumw*. They confront n imsiiiess cunditioii. 
At present stiinijiuge jirices, cost of nionufaeture, and market ju'ices 
for Ihcir product, their profits are not large. The public cUafea at 
the jniesent «isL of the lumber which it cotismiies. the avenip 
lumiKirman the dinicolties in the way of the practice of forestly, in 
the liglit of present conditions in the luniU^r industry, loom so large 
that he regards it as impractienble. 

For these wiiuUtions, however, the industry itself is largidy rcs|»n- 
siblc. The tiuestinn of jm*Ht or loss to the liimbermtin frw|ueutly 
turns op the price at which stumpage is figured on the iMilanoe shwt. 
Stiinipagc priops have, ns is W'ell known, advanced rapidly during 
reoenL years. As the nvoilable surplus virgin liiiilnH- dwindle<l, far¬ 
sighted lumU'rinen mshctl to get os much as poeaiblc into tlivir hands 
in anticiputioii of the time when they could sell with a large profit. 
But prices which mills can get for tludr product have not moved 
in proportion to stmnpagi'i prices. Tho reasioti for this is twofold; 
The miiuber of sawmilU o(«ratiiig in the ITnitctl States Juis increased 
greatly, and llm saw ing opacity of many old mills has I men eiil&rgcil, 
so tliaVlo-day the caiwcity for lumber prcihictiun is far greater than 
formerly. Mill owners ran not aihird to let llieir property stand idle, 
and, in’consdiuemie, lurnWr is put upon tlie market iu cxisesa of the 
actiiol dcmiitid. The second factor which tends to keep tio'vn the 
price of lumber is the inroads made by many siibsiilntcs fipc wood 
put upon tho iniitket in recent years. These inroads in some bramdics 
of Oie lumljcr indusliy are serious and have tended to restrict tho 
demand. To the extent that liimbertiieii havxs created fixed charges 
aguiiist themselves by buying and holding large amounts of tim 
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iheiV lire tliemselves n]£|>on^il>le ft^r any ^nbarni^nierit ’wliieH may 
result from thoir inability to oblAin, at the |imwnt timr^ prioes for 
lumber which will enable them t4> reiip the uniicipated »i5ecnlative 
profit. It b not likely that the public will Ijo willing to lieer, in the 
form of niudi bigiier prices for limilx^rT the burden whidi tlie luinber- 
men have imposed uptm tliEmselves. The demiunl that they he |>er- 
nutterl to comhinej m order to advance; prices as a means of mating 
the additiorjul tiost which practicing forestry' iiuj>oj^j is one to whicii 
it will be exceedingly difficult to ^secure public osseut. llorcover^ the 
additional cost made necessary by the practice of forestry would not 
Ik* as great as mosit lujiibci-Tiien claim* Even under jiresent unfavor¬ 
able conditions it would in inaJiy cases be [>o^il>le to practice for¬ 
estry with only isueb increased cost as the ultimiite ailvantugu to the 
liuubeniian would fully justify* 

Biyuiid a doubt, the seiiliinent agaiti^t forest destruction ami the 
demand for tlie appHwitton of lumberuig methods which will better 
utilize and pvrpctuute the forests will grow atmogor. The denmud 
ft>r lietler lumlwring methods w'ill result jri the jmiposal of legisla¬ 
tion by die States aimeil at r^gnladun. of t lie luml^r industry* So mu 
Slates will try <nie e^stfwrimentt some States auoilier. Some law$ will 
doubtless be urgraJ wiiicli are nmvise. The lumber industry will Ixs 
on the defensive* It will be compelled to fight ilniMtic and unwork- 
jiblc propositionii* When Fegukiing law's are ptissed^ even ihougli 
they be good laws^ the lumber industry will suifer from the luck of 
uniform laws in different States. The greater the dissatisfaction wdth 
the methods of the lumber industry the gi'eater wdll be the probability 
of the passage of Inws giving scant con-sidcratiori to what it may have 
to iiTgn in its own defense. 

If, on the other hand, they are ready and able to meet the deniauds 
of the public for forest conservation witli u constructive aitonipt to 
recognize Lbc obligations and the necessities of the situation, so fur 
as iljey are concerned^ advance towanl rt^al forestjunong private 
owners may soon become mpid* Progressive lumbermen themselves 
recognize that tlie ownership of our timber lauds carries with it a 
certain obtigatiom To the esient that the lumber industry controls 
a fundamental resonrf'e it Is affected with a public interest, uud this 
implies the right of the public to regulate the industry along lines 
which lire not fantastic^ but face ihe aeluftl cunditluns and aiX"- not 
to the lumbermcii. 

I'he alternative to oueixju^ regulation would be the voluntary dioicc 
of a course which would solisfy ilw public that the private owuci's 
of forviHt rc^ioiin-es were seeking in genuine good faith to [wrpetuulc 
theiii. \\ith such a choice made, the public would not lie inelinctl to 
demand impossibilities. All tJiat would Im uccf^sarv W'Onld be that 
the lumbermeu should ^diow a r^adonabk readineJsS to go m far as 
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pc}^^jbli:! for th<?m undor oxi'rtiog cuiidItioriM. Wba< is netd^ first 
of n)l ia a spirit of iniriiitivfl itppiltHl panly in doinj? tmeli things 
using rt^usoTiablo preciiutions agniiiift firo Jind adopting a fonTiird* 
looking policy, jitirtly in n thorijiigh study of existing conditions in 
larder to find out whut ti.i;hnical forestry would propose and 
wlnit. the cost would be. There is no reason why the lumbermen 
should not work out the situation themselves, if they ai-e ready to 
meet it in a large-minded and constnujtive w'ajr. 

In the caj^‘ of oiir pnldie forests^ as in that of our privately owned 
foi¥ 5 ?U presi rvAtion through uso is fundnmentiilly a matter of in¬ 
vesting cap! I LI I in u gi'ow'ing thniwr crop. Whenever timber U soki 
from a national fomil stieli an inveHtmenl is made. Keguhtiionji em- 
iTodietl in the contitict of sale reqiiiiv the purriiaser to oljser^e certaitj 
eonditioTis designed to protect young growth and favor repriMluctioii, 
while it is stipulated that he shall cut only such l>art of tlie stan<l o-^ 
tlie fiirest officers may murk for removaU and the purpose of the 
marking k to secure the fnlnra welfare and a high prodiictivene.^ 
of the forest. The Goveiinncnt therefore in vests in imiking mich 
sales I 

(1) The etpiivalent of (he increase in the cost to the piircha,‘?er of 
cutting tiinlier under Fftpiiremcnts of hrnsh piiingT avoidance of 
injury to young growth, oinl smaller amijunt of Htuiiipage obtainable 
]>er acre bt^mise 4»f rhe tiinlwr nerved. This inemtse in cmi of 
lumbering fulls on the tJovernmeiii through loTver prices, which u 
purchaser ix-^iulrtKl to observe such conditions k willing to oihr for 
the stumpage. 

(Si) The actual stum page value of all mcrriianlable limber reserved 
fmm cutting wheniver the purchaser would have Ijecn wHling to 
increase his purehsca-* by this muoiint Iih<I he licen given opportunity 
to do so. 

(3) The direct cost to the Government of planning tlie sale with 
a view to l>piicJiting the forest, of marking the timber, and of super- 
vising the sale to insure oliservaucc of the comUtiori-H fi-airicd to pre¬ 
sene the forest. 

In other words* just as thsi private lumtwiinan, if lie w'erc able 
to nppl 3 ' forestry ami pay the added cost of operating out of hk 
receipts, woidd be rcitivcaUng a part of hk profits; m the eo^ of 
handling Umber sales on the national ftirests k largely churgciihlc 
to capital account on any wiiind sdieinc of forest fimince. The 
average price realiied for national forcsl stumpage last year was $2.44 
per 1,000 hoard fetH. Tin? avenigy of these sales to the Cfovern- 
IIIent may l^c put at from iW to M cents per 1,000, u figure which 
w ould l)e iiiticli lower were not so many of the oales on Xatioiml 
Forests fur small aiuounts. This Jntier amount may lie regarded a:^ 
tlie sum of two very' dilfereut expenditure:#. One is the exiuaiditure 
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incident ta the ssale ii^lf (la a husiiK^ tnuiaacti™. When a pur- 
chajsei' cuts timlwr iindi?r an a|rreeiiieDt to pay the owner a cei'tain 
amount per IjOQO feet the owner nm^t nn^aaure Ltie aiiiuuni cut* The 
coift of doing thbi slioukl lx* eoTinted as a curreni ox|x*ndittire. On 
the other hand, that p^vrl of the oohI of thnlHsr sales whieh gws hack 
into the foi-est, so to speak, should be reckoned difTemitly. It k 
lietternient cxjienditiire. 

Of course, such o of view a.s this is not easily rireoncilalde 

with the jiictliods customary in Inindliiig lioverninont es[X:ndjtures, 
Tin" national hnances do not ordinEirily zimkc a dislinctiuu Ix-tween 
money expended as eopital investment and ninney disbnrrie<] foi' cur¬ 
rent liXiMidittireH, Bolli jtre paid alike fnmi current r€ceiptS4 I 
inertdy wish to jxuiit out thtd in mxler to judge pn>purly as to lUa 
true, character of the work of ranoAging the ntitional forctitfi It is 
necessat^^ to look nt them from the standjxnnt of the business innn 
and to distinguish between actual running expenses and investments 
on capital account. 

A more obvious inveatiiifint on capilal aircupiit^ width forms a 
considernhle pail of the annual exjjenditures of the I'orciit Servit^c, 
is found in the exix^tnlitm'es U^v ti^>-cnUptl jjenuanent improve- 
TnenttiL" liotb the protection and the use of lUe foix^ts dtix^ud on 
their C'^pdpmeni with roads^ trails, telepJione liiu^ Jire lilies, watch 
towers, rangers' cablnSj fences and water tanks in connection with 
handling stocky iiucl various otiwr works of construction. Pbinl\, 
expenditures made for these purposes should not bo coiubincil with 
L'xptaidiuires necessary for the traiisnction of civrreul business and 
a balance struck agaiiibl receipts if the result Lh tci Iw u&shI as the 
basis for a judgment as to wlusher or nut the forests are paying* 

Another very huge Ltcnn bi the total cost which iiiiitionEiI forest 
administmtinn entnils is tlie cost of protecting tlie forests from lire 
ill rough the iiuiintciuincc of a pmtertive force. Tlie natiunal for- 
i^Ls eojitaiii over 5t)0 bitlion U>iirii feet o! ttnihi'in Only u very iuiiall 
part of this is now within reach of a demand which will eiiabJo tile 
Government to sell I he ti«ibi-r, except Eit a great sacrilicc in pricv^ 
if ut alL A privuio owner who was protecting timber wliidi was 
not ready to cut won hi Lrtnittlie eost| from an accounting si ami point, 
precisely as be would the cost of [layhig taxes on Hie tiuiher. In 
other words^ it would amomd to ilu unniial increase in Ids in vest¬ 
ment. The rpiestion whether the ex|jcndiiurc wa.s wise would not 
in the least depend on whether bo was gv^tting bEu-k Anything frum 
the forest or ii<it If bis final profit is enongli greater than what ha 
crould realize now to more than cover the ccKit of holding the timlserj 
he has done well to hold ib 

While it would lie well worth while, fnim the istandiwinl of money 
rectupt^ for the Government to protect the gniut tunuunts of tijnber 
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which are now iin!,akb1c in anticipation of tlie time when tliay will 
be salable, it must never he iliought that tlie question of money 
profits is the vital one. The interest of the public in the pteservation 
of the csisting supply of national forest timlicr is much wore than 
an interest in what it will sell for. It is an interest in preserV' 
ing tlic supply of material necesstiry to the carrying on of many 
industries. 

More than this, it is an interest aiso in the continuation of the 
benefits obtained from the forests in other ways than from the nso 
of limber. Many of the national forests were created, and are pro¬ 
tected, not because they furnish valiinble supplies of timber, for they 
do nol; bill Iwcause they protect mudi more valuable Kupplics of 
water. If the i|iiestioii of the wisdom or iiuwialuin of the rniiionai 
forest policy were to be tested by balancing expenditures against 
receipts it would fallow that the first thing to be done would be to get 
rid of forests from which a net incomo is not either now Iwing ob¬ 
tained or reasunably to exi»cted. Tbis would throw out almost 
the w'hole natiunal forest urea in southern California; large parts 
of the forests in Arizona and Jfew Mexico, niaintaiiuHl for the pro¬ 
tection of projects develofied or to lie develnpeil by tlie Keclamation 
Service; and much of the present area of the national forests in other 
States. Xcilher puhlic sentiment nor the public interest coidd permit 
this. The national forests are ii gigantic public undertaking, con¬ 
ceived with a view to the future. Tliey ore like o system of public 
works ill process of construction. It would lie almost as absurd to 
settle the question whether the Panarnn Canal is worth while on the 
basis of income, compaml with the expenditures id the present time, 
ns it would W to answer the same question in the case of the national 
forests by tlie same method. The application of any such lest b 
eqniviilent tn the adoptioij of the fH>licy of “ecnttle.” It is not to 
bo imagined that public, sentinamt would permit tlie adoption of any 
such [Killcy, were it proiKiscd. 
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ALEXANDER AGASSIZ, 

llVJtU 1 jUttlO-l 


A [Jim ll^lJDiilKIBCltrJII ^ATEK, 

jfflriFjfr tnbftmtnrjf <>/ Mo ^7p^lfV^o JflAliVMffoR, 7VjrftfffnA, fM* 


Alexiincler Knimnniiel Eodolphe Agatisiz^ onljr of t^iik 

AgassiK, iva$ Uirii ut Neiidintelt STviissprliiiicl, on December IT* 183^- 
Tho grejit Etiglisti stdtisticJan (jalloti found that men, who fittaui 
i^minenee in science nre nearly uWays sons of reinai'kable vomen^ 
und Ale^tander Agassiz was no exemption to this rule. Ills inotber 
wpa Cetdle Bmuii, Llie ilniiglder of th& postmaster geuerii! of the 
Grand Duchy of Badi'tx^ who was a grtdugisi of note and the pos- 
of I lie liirge^it roil eel ion of minerflls in Gerumiiy. Cccile 
Braiiii wiia El wufnan of cnUiire and an artist of exceptional sihilityt 
and she wait the Brst who labored to illiisLrate the early works of 
Ijonis Agassiz* some of thf Ije^t plates in the Poissons fossiles'* 
being by her hand. Her luother* Alexander Brann^ after irlioni 
her son was ntimed^ was m difstinguished botanist and philosopher^ 
and a neither brother^ Max Briuin, was an eminent mining engineer 
and geohigist and the director of tko largest zinc juiiie ui Eurojjc. 
Tims we find that inielirciual superiority was chameteristie of both 
the patertiEil and maternal anceslot^ of Alexsinder AgEissiz. 

After the lurth of her son sorrow came ujion the family* for tho 
heavy exjjeiiBes demandeil by Uie pnblkation of I^onis Agassiz's 
numerous elal^orate monogniphs, with their hundreds of iUuatra- 
tlona, had exhausted not only their authors menus* but had drained 
the resources of the entire community of XeuehateJ, in so far as they 
coalil be enlisted for the caumo of science. Thus in March, 184 G, 
Louis Agassiz was forced to leave XeEichiitel and to begin the long 
Journey toivarJ America, where be found a wider field for great 
endeavors Before bis wife or ehildreu could foliow^ him to hJa now 
homo sho died in X&4S, after o lingering illne^ 

I cite these ovents because they show that, the early youth of Alex- 
nnEler Agassiz was passed in a [jcriod of domestic confusion iind sor¬ 
row^ w^hich may have left its mark u[xsQ him liiroughout life, for his " 

^ Jlffpilt] bjf t^rmlifflUap Itpib tlm FtupulAr M^ntWy, tdL to, No_ fS^ NoT,^ 
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givat sclf-it^lifliice was n chuiiictoristit rarely developed in those 
wJiose early years have iiecn free from care. Life was a severe 
Ktritggle for him, and though his victories wore gmit tliey were won 
after bard-fought battles* 

After the departure of his fatlier from Xeiicliat^l Aesfluder re¬ 
mained with his mother throughout the period of tier failing health, 
anti II fier iier death liis father^s cousin, J >r* llajor^^ und the Kev* Mans 
Fivaz brouglit him to Anierk-a, where he reicdnetl his father in 
Aiiiericii in June, 1M% and eiuered the Ciunbridge liigh school in the 
ikiituma of tile saiiie year. 

The eivrlicst puldwhed picture of Alexander Agassis is by his 
fatlier's iirtibt, Diukeh and upijears iifjon the cover of the first liv- 
raison of the Histotro Uittiirelles des I^oUsoils tFEati douce tla 
rEurojje Cenlmle,"' ptiblihihcd in It show's tiini as ii little hoy 

Ilf 4 years d^ung upon the shore of the Litke of NeuehaleL 

In early life Aiexaiidcr exhibited his iiidefrfutideuce of diameter 
and incurred the PrsuShian governors displeasure and his fathers 
reproof throtigb his tvillful neglect to salute tltb official when he 
passed upm tltu opposite aide of the street. He must also have shown 
his dm meter is tb pertinacity, for before he csnie to America he could 
play Well ujiott I lie dolin, an aci^omplbhmcnt which he allowetl to 
fall info aljcyniice in later years. 

In the spring of iBrK), souii after the arrival of Alexander in 
Americaj his father took for his second wife Miss ElisjHbeth C- Caiy, 
of Boston, in whom he found a new mother throughGiil life, and he 
look lln? most tender care of her until her ilcuth, long jeor^ after¬ 
wards, when ho hbnself w'as an old iiiniii Doubtless many of the finer 
I mi Is of Ills migjTcd chu carter were develojxHl through the rehning 
inSncnce due to the care und teachkig lie received frtjm this superior 

W^OHlIIll^ 

Katiire and his father made hini a naturalist^ and his reverence for 
his fatlier was almost a ivligioii w ith him. lie l>ecame ihe first 
student his father taught in Amcrlciu 
He entered iJnrvurd College and graduated in 1855 with the degree 
of A* B,, and then studitKl engineering, geology, and chemistry in the 
I^iwiTince scientific ecIiooI-. ohtainisl one B. S. in ISfiT and another in 
natural history m During Ids c?ollege days he w'as much inter- 

esdetl in rtjvring and wa.s I'nm oar of the four-oareil crew' w'hich won 
the race agaiiiTTl Yale on the Connecticut Biver at Springfield on July 
32, 1S55, at which time lie weighed only Ufi poundfi. He continued 
lo row on the universiiy crew until 1858, wdien the future Fresident 
Eliot was one uf his comradea in the iKiat. 

After graduHling from the Lawrence scientific school he studied 
rhemistry for a few months at Harvard, and then taught in his 
fallicra school for yoimg ladies until when he was appointed 


AIjTI’TASDKR AGAJiSl/—^MAVT-H. 


449 


an oEsistnnt on tlio TTnilcJ Stales survcj’, iintl departed to take part 
in tiie tiiiik uf oliartiiig- ilin region of the mouth of the CoinmbU 
ttlver. Oreg-, and in estitbliahing the norUxwtv'-’t boundary. During 
this Tbit to the PariHe coast lie fcmiid time in intervals of travel bo- 
iweeii official dniies to study the fishes? and niediLta.- of San Pninciwo 
llarhor and Puget Soiiiitl, and to eollet-'t spccittieiis al. Aoapulco and 
Panama for his fat!ier‘s museum; boi after a year's ahwiicc he 
acceded to bis fntber's earnest reipiest and emne liome to Cambridge 
to continue ids Koologicid stiidies afid to assist in the upbuilding of 
the great inuHOiim which was the droam of bis father’a life. 

We now con If to the [wriod of the begitmiiig of hb scientific pro¬ 
ductivity. for in 1950 he publblicil bis first paper—a brief addreaj 
liefore the Boston Society of Natural History upon the mcebanism of 
tJie tlight of r^pidotiterm It seencs alraiige ibat thii? first paper of 
one who was destined to derote hb life to the study of nitirine siiunials 
and to the soa should have bifii upon buttedlies niid moths. More¬ 
over, it is his only pnper aavc one upon n merhiiiiical principle under¬ 
lying aninnil activity, bis bter work in zoology- lieitig of » syirtematk, 
descriptive, or embryologicul ebaracter. 

These ycai-s when he worked by bis father's side and assisthim 
from the time the museimi was formally oiw-lied in 1800 until 19G6 
when he went to Michigan to develop the Calumet and Ileciu copper 
mine were probably the happiest of hia li fe. At first he had dinrge of 
the alcoholic specimens, of tbe exchanges tind the.business inimagB- 
luent of the cm sen ni—sufficient to swamp an ordinary iniiri; but he 
was a liorcrules of energy and executive power, and Ins reinurknble 
ability us an orgnnisicr probably saved the museum from nmny an 
enibarrassiuent which lib father's buoysnt etiiUusiasm and simple 
fniUi in destiny might linve brought upon it, lie hud much of that 
urdeiit love of the study of ruitiire wbidi wb.h bb fathers own, but it 
was tempered and controlled by a more conservative jmiginvnt and 
u keener insigiit bilo the motives of men, sa> that the two working in 
sympathy together made an ideal team for dm wing the museum 
upward from nbficiirity to prominenee: for these curly days were 
iTiticfll ones in its history. In iSttO, when his father was absent in 
Brazil, Alexandet* Agussisi bad entire charge of the museum. 

t)n Xovcniber 15. 18(10. be married Miss .\Mna Kusscll, daughter of 
Gwrge R, Kussell, a lending merebant of Boston. The wedding took 
place at the borne of the briilo's brotlier-in-law, Dr. ITieodore Lyman, 

Arduous as his official dnlies were from 1859 to ISiMJ, when he 
studied in the miusvuiu at Cambridge, they did nnt prevent bis aocmii- 
plishing a remarkable amount of work in science, for he devoted his 
summers to fduJy upon the seashore at a time when the wnter? of 
many a now polluted liarbor were pure, bo that he discovcrwl many 
new and ifmarkahlc marine anmials in llie neighborhood of Boston, 
07fi7S*—tfM IPIO-29 
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wht!rci now nenrly sill nquutic lifp hii& cliKai|:iiK.‘umJ. lie pixHlu<M!d 18 
piib]k'iuicin±^ iiiiriu^ lldij peiioiK the nutui tustablo U4 ji^ Iiis iUu^-tmted 
<if the *^Xorlli ArnCi'ienn Acsilejihit','' cotitiiiriing (lescJ'jp- 
Lions f^f mimy new iind inlere^^titig foptiis of nieshisa^ from the Fsirific 
jiuil Allantie eoftsis, and illtistnitesl Uy SHO iigures <lniwii frmn life 
* by lihs mrn hand. It h biit a jii&t tribute to Uh tliomiigline5i^ as ii 
collector nnd ol^serier to say tliat «jiiie of these meflu^^e Is live never 
again ^a^n since he disccivewl tlieni off tlie New England ctwist 
liO year^ 

Another interesting paper of thiii period is his Embryology of 
(he Sitiriisli/^ of (5G pages, illnstniied by 8 plates oontiuning 113 
figures beautifully drawn from life by the author; and yet another 
pajicr is npon the young stsiges of n tine I id worms in wliteli he shows 
that iti past ages adult woniss were often pn>vtded with veiy large 
bristles, and that the young of ejcisting marine wortiLs still have snrb 
stnictiu^. 

At this lime also be much ui>on cchinoderins, und made yub- 

ytantial progress upon that great work of his early nmnhoaiL the ^ Re¬ 
vision of l!ie Edniii*” which fiiidll}" sippcJiix^l in four parts Uiw'een 
1872-18T4 and tN:>uaisty of 702 quarto pagt'Sof text und 04 plates; com¬ 
posed of drawings ami photographs made hy the auLhor. This work 
caused his father keen delight, for he forc*<aw tlml it portended a dis- 
tingiiished career in science to his gifted lioii. Ii w^on the Walker 
prize of fmm the ttriston S^n^iety of Nntimd llistorVi atnl 

brought to ita young aiUhnr on international reputation. 

In 1800 lie ivsis elected to inoinl>ei'ahip in the National Aciideiny of 
Seiemet?. wdddt at lliat time reeniited itself from the active young 
w'orkere of the coiinirjv He was president of the acudyiiiy from ItMJl 
to liKiT, and hn foreign secretary from 18&1 to IIKJ! a.nd from 11>08 
until his desitli in He brqucatlud $r7iHiO<} to the academy* Me 

wu-s also deeph' intcre^fteil in I hr Atiiericiin Academy of Arts And 
Sciences and servinl ns its |m»sidi‘Td* gave large to it and left 

it $5<ij000 after his death* TIk^sc two arademic^ were the only sciett- 
tific assooiations of America In which he took any active interesL. 

Between 1800 and ISOO he lokl the foundalion for all that he was 
to nchieve in science^ w'uh the exception of his elabornte exploi'ations 
of coral reefsN arai, witli ibis exception* all of the ^ajbfects which were 
lo eagruss Ids attetilion in future years were then engaging his active 
interest. He never departed froju the tlioiiglit and method of these 
early dnys* and lie alvrays spoke of ilietii with loving remembrance as 
^‘tlie gocal old days’’^ — their influence upon his scientific career was 
paramuiint. Foresample, he never aflopted the meihfals of the hiS' 
tulogLst, which wei'e not used hy his falher^ nml he confined hiniself 
to the study of living animals whenever this was po^ible* Tlius it is 
tliat he ranky among the forcrnosl of those systematbts and cm- 
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I>ryolo^Lsts wlia hiive tk'vott^d theniy^?)^*^?^ to the wte^rvaiinn of lonritie 
ADimaLs, but histolofn* irris wIinMy neglected by Iiim. did he 

ever take pari in that stirring disciission of Diirwinism which en- 
grosseil the altentjon of all of Ids contemporaries. It would he 
nhfEiir to say that he did nut l>c]ieve m evcijntion^ hut the inith h 
that he was but little intertwisted in the sjjeculuiivG side of seicni.'ie* 
cxce]Jting in so far as it.s dedudinut^ could he based upon observii- 
tiuns of facts. In later life he cmiie to regiird the lalairs of the 
physTolugist and of the lnboratcwy experinienteni upon the reactions 
of animals eis iH^Vond the sc'npe nf ^onlogy^ 

Hut the walls of the mnscum and prohlemf; of ^oology were too 
narrow a bound for such a genius of activity as Alexander AguivSiK: 
moreover^ be was [MKirarid he required funds for the prosecution mid 
piddtCEitiun of his work in science^ ond thus in 1865 he engagoil in 
coal min tug if] Pennsylvania, and in the following year lie teiuf^o- 
mrily left the mnseutii and bocame superintendent of the tlien iin- 
proFitahle Cidiiiuet copper mine on the eoiilherri slmre of Lake Supe¬ 
rior^ and in he united the Calumet with the adjacent Hccia 
1111110 ^ railing the comhitied [>ro[jerty the Cain met and Heel a. It is 
due nmre to him than to any other man that this mine has proflurecl 
the largest profits ever ilivided by any iiirorporntrfi mining company, 
for the dividends np to Det’ember {IL amounted to $105,850,000. 
From the first days of his lejidership in its atfairs the company ex¬ 
celled nil other mines in the intnuluction of heavy machinery and 
inodorn nietliods. Indeed, its life dependHl iqnm the development 
of methoik of mining upon n large scale, and so vastly hits it grott-n 
lliiit 8;k86^hll6 pounds of fine cop]ier were prcHluced in 1907' As 
superintendent and director and afterwnnk as president of the com¬ 
pany* Alexander Agas^siiK steadily pursued the policy which led to 
this extraordinciiy industrial success^ and out of the wealth il brought 
him he ficvotcd upward of SLOOO.OOO to forwarding ihe aims of the 
museum which his fEithcr had founded^ until he made it famous 
thmuchoiit the wcsrld for its excellent piiblicalions in science. Tie 
idwi cxfHUTided Targe sums upon riuinerDiis scientific expeditiiins, the 
resnlt.s of whicli be published in u manner that 1ms never been ex¬ 
celled. 

To have developeti the greatcsi copper mine in the world would 
have taxed ihe entire encrgi^ of many an fihle man, but so extraordi¬ 
nary wa.s Alcxanfler Agassia's capacity for productive labor that he 
liecame (ho sole author of 127 notable scientific works, many of them 
large books wdth nimwrous plates and illustrations dnrwn hy himself, 
ntid he published many other minor paiiers. Tie was also the joint 
niitlmr of IS and the patron or inapirec of more than lOO mons 
which were written by specjalists in America, Europe* and Japan, to 
whom he sent the collections he had gathered* 
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In hi£^ trefttment of nisfiistatit? and toI In bora tors be dispbiyed a mo^t 
eoiiimendably iinsclfi^b iipirit, and intieeci the only difTerences I ex- 
perionred dimnp eight years in uhieh 1 smed m his assistant nere 
fined iw persuading him to permit his name to appear as the 
senior imtbot of publications nrhich wore actunlly the result of our 
joint eflorta. 

Lnbor at the copper mines miulc enormous drains upon Ids seem¬ 
ingly inexhaustible energy, for during the early years of his cfinnec- 
lion with the company he worked upon iin avernge of 14] bouri^ each 
day* Yet* arduous ns these duties were, between ISfiT and 1^^74 they 
made hut little dilfciynce in the output f>t his scientific work, for in 
this |jeriod he profluced Ji> pii[>ei^t one of them being his famous 
“Re%isioti of the Echini.^ Another imiiounces the discovery that 
T&i'narift in nndniibletlly llie larva of R&t^no{flosskf^t anil in another 
he proves that the per uliar pi near dike organs found upon the echini 
nro in reality onh' highly mtMlificd spiiiest and they sf?r\'e to keep the 
ahlmnl clean by actually grasping nnd removing iletritus fmrn the 
i-Lirface of the creature. In nnottuT work of this period he presents a 
pai>cr ilhistnitcfl hy '^^2 excellent figures aiui gintig a complete ac- 
cfuint of the eiiibiyology of those most diaphanous of marine ani¬ 
mals, the Ctcni>phorw\ 

Indeed* it may l>e said that, wliile bis later work was far more 
elnhoraie sntl wiilely kno'*'n» it xvtis not more brilliant than that of 
this period wh wh clost'^l with his fortieth year, and these older papers 
are «f such fondaniehtnl inijKirlancc that they are quoted in all geu- 
eral texl-lioobs of ?'.oo|ogy. Wc see, therip that lln^st' tlnyH of his early 
niaiihoocl Iwtween ISOl and IRia were rich in achievement in science 
and remiirkable in nther inspects, for it was during this pi'CiCH] that 
he raised himself from poverty to wealth more than siilficient to meet 
the deinfinds ol his expensive rcsenrchos in SttHiIogy. 

But the happy old days ” wen* sewn to pass away forever from the 
life of Alexander AgassiK. for on D(‘ceml>cr 14* 1S7S* his great fntiier 
Jieil, and to deepen his raiHcrr his wife, to whom he was devotedly 
attached, passed away only eight days after hk fathers death, and his 
own hcaltlL, underniined by too labor* failpd so ^riously 

that ihrorighoiit the remainder of his life he suffereiJ from an int- 
puirinent of the circulation which obliged him to seek a warm climate 
everj' winter 

Thotic who knew him in his happier yeara say that from thk time 
onward a groat change was in himp Thc^?o Irreparabla losses 

came upon him at a time when youth was gone* but middle age had 
hardly come upon him and most things of life were yet in store for 
him. Hencefortli he wsa to live alone with hh sorrow, master always 
of himself, simple n I most to austerity in his taster but deprived of 
that sympalUy w'hich only a wife could givcT it Is but little to be 
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wondered at that lie raised a wall lietwecm himself and tlie uii- 

sympatliefir world* which dtiIv those nearest lo him aiiti a few most 
intimate i»cientific couhl penal rate. Ifi early life he hud 

been buoyant in spirit^, jiopiihir find WlovecJ l»y all who knew' liim« but 
after the sorrt^^wri nf IST^ he withdrew from hn^ader Contact wjtli the 
worldt and, while he .still reiiiaiiied I'oiTdially iiuimate with n few of 
the ji^Eitcst leaders^ from the. miik and tile of strlenliRo men he held 
himself fjir and aloof. One must always bear the fact in mind that 
diiriiijLf the last 37 yetirs of Ids life he was a saddened and an ill mail— 
one whose tleeivest love wilh biiricfl and vvlni^ fondest holies had been 
w'recked* ^Ve most alst» eonsiiler that a tendency toward this resi,^rve 
pnihably eame to him through inheritance from the fierman hlo<Hl 
nf his mother^ side of the lioiuse^ ami jt may in some measun^ 1 m' ac¬ 
counted for by the fact that i^n^li^li always remained a forei|rn 
ton^pie to himH. for he thnufjht in Fi\?rk-li, nml in teinjxn-ameut he re- 
nuijnetl European rather tUiiii Amencrtn- 
Yet amoni;: scientific men tie bocaine the i^reatest patron of 
our courdry has known, in 1310, at the time of his death, the fifty- 
fourth volume of ihc "Ihilletins^ and the forlielh voiuine of lha 
“ ^leiiioir^’^ of the Museum of Comparative Zoology w'ere apiMifiring. 
These |mbIieatianN Imd been stiirted in 1S63 and ISM, and in the 
niimlier of important ninl iM^aulifiilly illustmted pa[>ers they contain 
they have been o.\<‘ellHl by only a few of the most active scientific 
societies of tlie worhi: yet the expense of prcKiuciug them has laigely 
been home hy one man—Alexamier jlgnssiz. 

In 1870—Tt he visited many European museuins to study sj^eciinetis 
of echini for his great work iipuii Uus group and he was also espC' 
eially interested in the resulk'? of the Englisli deep-sea dredging ex¬ 
peditions in the Porvup{ju\ little dreaming tliat he was hlnifielf to 
bei.*oine a great leatler in such work 

In 1B73 when Mr. rloiin Anderjain, of Xeiiv York. olFered bi?^ father 
tlio island of Penikeyt? ns the site for n mfirine biological lalM>mtqr>, 
Alexander Aga^i?, used a!l his elTorls to distitiaile him from ils ac¬ 
ceptance, but failing in lliLs lie s>t‘rveil for the first year as nii in¬ 
structor and the second as jiuperintcudeut of the school. He gives 
a history of this e^tperierice in an article in IM2 m the Pojiular 
Science Jlonthly. volume 42. page 123. Mn .4nderson^s final loss of 
interest in the laboratory and his ivfiisal to consent to its ix?nioval to 
I^'ooda Hole led to its iil^ndonmenb Although Alexander Agnssiz, 
prompted by Ing deep intcn^st in iniiriiie Koology^ did not give up the 
attempt to maintain the school until after nu appejd for aid addressed 
to the imperinlendentH of public inslitution^ and prefriiieiiH of State 
bfatrds of Cfiucation throughout the 1‘Uited Statvxs had met with 1n- 
ade^piate respunsc. Tlien he hinuielf paid the expenses and the 
Penikese School passed out of existence. 
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Ills Peisike«! \vfis, htiwev^rj by im tiLifani^ iii viiin, for 

it ileyjily mi|H-e^seiil liim with tho ncJvLHahility of esitiibll^hiiij^ w sum- 
rntr sc-bool for iisi?iiich in niiirijir i5CM>lo^>% so thiit iii 1877 be built 
ii|joji bis place at Custk Hill, nl the luoiitb of Newport IlnrlKir^ im 
ideal little reseairh ItilHintiury which iiffoi^led excellent nc^^'oniuiodrt- 
tiniLS for half ii do^en students at a time* Fur 18 years Ktiideots mid 
iiistniidnra from IlEirviuxl t'oUege visited lliis cliiiriiiiii{f spot, ond 
nuny iiro lUe pajwrs whidi resulted from their luljoi^s there. Coimt 
Potiiialt^* \\\ K. Fewkes, and Whitmmi wen^ l!se first W!jrk- 

ers JO the libitiuiu iiud eucli year sibfput 10 of the most jiiTJtiiisiiig^ of 
the res=eftnJi students in xcMjlog)' at Harvm d were privilej^l lo study 
nt the Newport laboratory * Every day a ata^e iMjre them fruiii the 
town, 1 miles iiway* to tlie lidmnitory and back ag^iiii at .T o’clock in 
the iiftenioon^ after the daily swim in the ocean. The kboi^iton' 
WHS excellently (xpiipped with I'entjcnts, ^hiK!-:ivare, and large tanks 
provided with ruiiniiig ficsU ivater. The tiiicroBCope tobies 

wen? set tipon stone foundations to avoid vibrutioiu and a good little 
steaiii laiitii-h lay iit her niuoriiigs in ii near covc. ready lo drcsJgc in 
the service of sciences I treasure the memory of tlioi^e ycHitlifu! days 
at Newport^ when the eathiisiiistio spirit of oiir gveni lender was Jii> 
inspimtion to each and every one of ush, and I recall Ids delight over 
the mre fmdHwe occasionjdly discoviH'cd in the surface tow, which 
w as made every night and lay aw'iiiling our stLidy in the morning. 
CiraduEillT; however* a cbangti came over the New-port hiborjitoiy; 
the once pure w’uter of the Liarbor Ijecuirje mon? and mure polluted 
as poptilalion luid slnppitig inemised, until finally, in ISOT, students 
were no lon/ipu" invited to cume to Newpoil, and tlio scientific 
bite nee of the hilKiralory ceased* An acecnint of- iJie lakiratoty', 
tfjgether w ith a plan of the buildings wdl] U* found in Xatunt‘j volume 
pages ISTfi, and in the Century JFagnKine for Septemberj 

ISSlL hut these fail to give an itleo of tlw attractive: little vinc'dad 
liLiilding nestlctl down on the slo|>e of the ^Hiore. overlooking its little 
cove w'itii the beautiful buy to the northwanl and the ocean on the 
!^nth. 

Alexander Aga.ssis was tlie fii-st to see that tlie southern shoie uf 
New England wjls most favorably placed foi‘ tJie site of sucli a Rta- 
tlon, for lie dbeovereii that here arctic forms are mrrietl down dur¬ 
ing the w'itiler aiicl early spring., whereas late in siinnuer thc: sou tit - 
erly winfla bring drifting upward from I ho fJuIf Streiuii arumatH 
whose true hoiinHf an} in the w'anu waters of the trcipkal AUanliCt find 
tiiua one meets with an extraordjiiari^ variation of marine life 

on the soniherti roast of Now England. 

lu 1874 Alexnfidor Agassiz was elected curator of the niiisenm, to 
succt^cil ilia fatlK'r in this responsible position^ and index'd the pros- 
jiecils of the musenin weiij at that lijjic such ua to inspire gi-uve appre- 
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for it^; annnul int^mnc? wa^ but $10^000, wliilq it lutd n thhi 
ui !5-K).0fXl, iiiid only f«iir-tift!:y! of tiic? north wing was POtnpU^teiJ. 
Foriiinati'ly. howt^^er, tin^ dt^votion of the eountry to tlio memory 
of tlie gf'fnt [jonia Agassiz wflfs such that tlie rimsoiini was not ulloweil 
to fail ns ha<l ihe school at Pyniki?se, Over $JllO,t)CM} w^ene rniscMl 
by popuhir slltjscription tvnd ihroiigii State grunts for the supjKal of 
the muscLim and ns ii nieinoriul to Ixiuis Agassiz, being cuii- 

tributt^ ]iy Alc.^ander Agus?ilz himself. Ii if* interestiug to tiiat 
$1.^15 of thtt umoiiiit was stdisoi'ilHHl hy i JJSil w“nrkiijprs of the Cain- 
met uniJ Ib^rhu nlthnagii theiv ivcre at that tiiiie not moi^ thiin 
l.4i>0 men at the mine. 

Vnnn 1S74 Alexiinder Agassiz remained the ncttjalj although not 
constantly the nomanal,, hend of the ^]|]sellZll of CoinpEiirative JIiiolng\% 
am] f™ii until his death in 1^)10 he bore the title of director of 
the Harvard Uhi^ei^hy Museum. 

The growth of tlie tnnsentn hiiilding was slow but constant. Alex¬ 
ander Agassiz hiiiLself completed the construction of the znolngical 
section in 1883 [iiul other public-spirited men and women, ineliidiiig 
bis two sistcf^ cotitribided to build other parts of the edifice^ until nt 
pre^nt oidy lOtJ feet of the ^Mithern wHng of the Imilding planned 
so long iigo by Tjiiuis Agnsi^i?!; ri^iiiains to l^KS completed. The total co?st 
of the building has been more than $lif00,000, nnd its iiivestci:! t^tpitnl 
amounts to somewhat nmn? than !Si>CKhOOO. Thius, while it is inucli 
hampered for funds, it still remains thegreirtest university mitseniinn 
the United States. The zoological section has Ihh^u greatly en rid ted 
Ijy collections gulbered by Alexander and L<aiLs AgEissiE, and tlidr 
gifts to the Idjnin^ have placed it in a po^iition in which it is unsiir- 
pas^d in America^ more than Tt^OOD Ixuind volniueis having l)cen pre- 
isenteil hy Alexander Ag^msiz himself. 

In the classllication of its zoologiml exhibits tho museum is one of 
Ibe clearest exij^ting motlels of the system of Cuvier, for it must Ije 
reniembered that intelleetualty I^mis Agassiz was Cuviers son, and 
Alexander Agjissiz .steadfastly piit^tied his fathers pJan in so far as 
the niuseiim^s exhibits ^vere concerned. 

No family has striven more elTwrtinrlly for the intellectual uplifting 
of ILirvanl than that of the Agassiz, and it ix to lie regretted that the 
grejit nuiscnm which they foniidetl and fosterwl docs not ollidully 
hear their name, but imfleud is describcfl by an aliiififst ineoningle^ 
phrti-s[\ “ I'hc I^lijseum of Companrtive Zoology.*’ 

Alexuudcr Agu^^iz ;vns a loyal stm of his ulma mater and he strvefl 
as an overseer of Harvard from LSTS to 1878 and again in 18^1, and 
he was ^ fellow froin 1878 to 1881 and from 188G to 1890, In 1886 
the nnlvei^ity conferred upon him ibe honoraiy degnn* of rJ..IK 
The year 1876 marks I he beginning of Alexander Agassiz’s career 
as a leader of expeditioiiSj for ivitli l>r, Samuel Garnian mi bis ussist- 
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flnt he espinred Ijike I'iticacu and the coast cif Pern and Chilo, 

pmiji tills tiijiu onward until (ho of liis^ life eiqiloration wus to 
engto^is more iirul nnne of his attcnlion, tcp the firml esrhinian of the 
embryoloiricjU atndiesi thnrt huil given eoior to his earlier ys^ars- Tin? 
last publiention in whieh he riH'ortb the ix^nlts of l3ie rearing of ani¬ 
mals is his joinl pji|>er of 1S80 wilh rn>t Cha 'es <>. Wliitiiuin. and 
is upon Uic development of hshi>s. After 1889 li -znve up the raising 
of larvie ill lus aquaria lit Newport and Waiiie an explorer, geologiiit, 
iiiul aystemotje SHKiiogist, jtllliungh ii slioiihl be said lluit the last 
paper piiblislaHl during his lifetime is n short one u|?on the temiKmny 
of a lantern and of tci?tb in llie young li is, 

howevert biiseil ii|3oii the study of iniLscuni niaterml and records an 
olisen atioii nisule by A. M* AVeslergren. 

Ilia rennii'kidile eiiei'iiy and executive alilliity fitted him in iin emi¬ 
nent degree to he ibe leader of scientilic e;si|iediti(His. Kadi exploring 
trip wiiH plmined to a day even in m minute detnih;, eveiy ciinn^e 
charted, distances mensiuxith ^md every station ilet^ided upon iwfere lie 
left his desk in the Harvard Mubeiini, so that all of its addevenienti-: 
were actually prt^amuiged- At tiiiies it was of vital iiniKPit to his 
expeditions to have supplies of txail brought to some distant island in 
llifc Tropics, but invariably when lie amveil Uis colliers would have 
preceded him. and iil! went forward >vjih clockwork rtgidarity. in 
fact* lief ore starting he rend all tliat was to lie found uiKUi the regiont> 
he designeri to visit, so thiit he wasenablMl to licgiti the writings of 
his results the iiionient the voyage was It is due chietly to his 

fore thought thnl in more tliiui ICKhOOtl miles of wiindcriug over iropi- 
cal seas he never nicL with a serious accideiit ; and this is the more 
rt^markahle when one consklers that in order lo land u|>0li the coi^al 
n»i'fs he was fon'ctl to ci-uise in the hottest season* wdieii the brooding 
calms weie liable at any moment to break mion hurricane. Day after 
djiy I saw' him remiiiti ufioti the bridge of llic steamer sketching sali- 
eni features of many a lonely coast that he of all naturalists was the 
firet to see. The rolling of the ve?5sel cjiused hint actite distress* yet. 
though seasick, he w orketl on iindaimted, for the keynote of his ciuir- 
j^eter wn$ perdnadty. 

Ah we have said, his fii^t expedition was to i^outh HrUnerica to 
explore luike Titicaca rtiid to vi^i the copper minei> of Pent imd 
Chile. 111! published a hydixjgraphie chart of the lake, sounded its 
dcptlrs, determ iti«l it.s tern pern lure, collected its atiiinals and pi utils 
and relics of ihe ancient Pertivians, who once lived upon its islands. 
Among other ivsulU he found at Tilibichc* Peru, a of fossil corak 
elevated to IkOOO feel alrove tlie sea and 20 milea^ inland from the 
ocean* thus showing that the recent elevation of smne parts of the 
wciiterii coast of South Ainencri has been even gi'eater than bad been 
observed by Darwin. 
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Upon returning from Soxitli Anierica, his einbn''olopcal studies 
wej'ft j'vstiiiiiHl Ett Newport* und the development of lioanders jiiwl 
other yosing Ikltes inUwstoiI him fspeciidh". It whs well known 
thiit in the young flounder tlte ey^in nm iin botlt sides of Uie heiiJ und 
tiint nfler (ho fish fulls over on one side. tJie eye of the lowei^ siile 
trMvely iiro-iirid Hiid eomc."s to He beside its fellow on the upper side 
of the blit Alexnnder Agnssiz (liscovered thiit in the trsiiksjsitreiit 
young of Uonmiers h I lied l<j the f^higiisiie the lower eye net mil ly 
fBuiieirates Llir{)iigh the tildes of the head and reupi>eut‘a on tlie air- 
fadt* of till! iip^H-r side of the fish. 

fji the ytiujig of other bony fidn^s lie diseovertHJ a caudal lnlx» 
showing ilia I in an early i^lage the tails of the bony lis^lu*s rrsenibJe 
the iidult luils^of the nion' undient ganoids. 

][« also found that under the skin of tloiinder^ there are yellow^ 
reil^ and hlaek pigment cells and that changes of rolor are due to the 
independent expansion or contraolicjii of wevpi^id eelkt and in 

he made the interesting di^ieovery that if yea mg lion tide rs be 
placed for six weeks in aquaria with while surroniidtnga they lose 
nearly all color and do not ix^gain their normal cojor^ even if at the 
end of this time they be surrounded by black. 

1 heso Mudie^ of ix?giin in IHTo, were continLietl for many 

years iu the intervais between expeilitions^ the last of the series being 
published hi 1893, One of tlw most imponant papers of tUis series 
tip^^feared in IB?8 and is upon the development of thiil ureliaic fLsli 
the gar pibeni 

But of all uni mu Is the echinodenns interested him iiiost deejdy. 
Indeed of the 145 most imiHinant scientific i>fli)ei:^ of wdiich he was 
sole or joint anthoi- 45 treat of echinodernis. Accordingly In IST-f-TT 
we find him udivcly engnged in their study* In iBT4 lie aniiuiniees 
the discovery tliat hybrid larvsfc may Ijc protliic^Hl by arillichd tueans 
between tlie two common species of star fish (if tlie A'gm’ England 
const. In 18TG he studied the structure? of some vi%"[[iaroiis echini 
fixim the Kerguelen Ijdandsj and found that tlicy Imliitualh' caiTieil 
their young about with them unlil iJie young had acquired most of 
the characters of the adult. In 18TT hie lwaidifiil!_v illnstnited work 
upon Korth American star ftshes was piiblisJiefh 

Ill lS7<i ho was keenly interested ^vhen he visited Sir Wyville 
Thomson In Scotland imd inspected the vast collections of deep-sea 
forms brougiit boine from the tlirce-years^ ertlifte of the 
and it was a happy moment for him when in 1S7T an urrangement 
was perfected wiih the Unitctl States (rovernment by virtiio of the 
terms of which he was given the seieutifie direction of the LJnile<I 
StatCH Coaat Survey steamer Bhke during liio (?fuire time of her pur¬ 
posed csplorations of the West Indian and (iiilf Stream rt'gion. He 
joined the Blafre uL Habana, Cuba, in l>ecembcrj 1877, and rtunuined 
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rjii board imtil Ajjfib lb7S, Mplofing tin? Gtilf af Ifexico uJid adja- 
cs?Dt AiltiiJraU ilu*ii Limii. CtinimQndi'r L\ D. Sigsbcfi, 

United States Navy, wan in coumiazid, and Uk ing-enious inviriitlijris 
of s§oiiJidiiig nppanitiiSf trawH ^iiu enabled tlie eX|)cdition to accom- 
plisli unpmfdented results. 

The second cnske of the Utakt startetl from WsiHliington on Ko- 
vcntbcr 27. IbTSt wiih Cii[A. J. It. liartktt, United States Navy, in 
eoiiiinaiiib and ibroughrnit the winter of Ii37f5-Ti^ they cTniftod among 
tlio Windward rsleH of the IVesi Indies iiik! over the Caribbean Sca^ 
vkitLng llaLiLiriLu .Tmnujea^ IIuit'L Porto IticOj St, Thomas, Santa 
Cniz, iMiuilserrut, St, IkiltSj (inndeloujH^ Doiuininu Martiniquej St- 
Lijcia^ St. Vinr^jit, t rrmiadiiiefN firenada^ and IhirhadoSr and gath¬ 
ering sin inmionse colltivtioii of aniinak from the depths? of the ocean. 

The third and hist cruise of the Blake was for the pnrpctse of Eanind- 
ing the depths of the Gulf Stream* They gstarted froin Newport in 
June and cruistHl until Augtiiit; 1880^ running seven lines of sound- 
iiigH ntf the coast between Charleston and (leorge^s Ihink, wlddi led 
to the diactiveni^ Ltiai a [ilatoau ctivercd by water not more than t>00 
fathoms deejj extends from the Bahamas northward to Cape Ifat- 
teraSt forming a vai^t triangulnr urea of shallow water, tin? outer edge 
of which Is fruiii JJOO to 350 miles out in the ocean from the coast of 
tEie Sun then I ABunlic States. The Gidf Sln.^tu Hows across this 
urea on its conr^^e l)etweeti the Straits of li^^mini to Ca[>o Hatteras, 
and the outer edge of this shallow bank is where the North .\jnericaii 
Continent rises abi uptl^'^ from the depths of the Hat Htnor of the ocean* 
The mame Jilake Plateau was most nppropriatel 3 " given by Alex- 
ami er Agus-sijs to this extensive areik of shallow w'uler. 

During her three cniises tlie Blake made Soa soundings* deep-sea 
teiiipeiriitiiix: observetiniuL and trawl hank yielding a phcnoiiiemilly 
rich harvest of new' and interiming marinr iinifnals. Among other 
things, the sccotid cruise kd to the discovery of a vast laibinaHno 
Valiev, the “ Bartlett Deep,^" extending for nearly 700 miles along tho 
SDiUhem coast of Cuba toward Honduras. Twenty miles south of 
Grand Cayman thk great depresioii k 3*400 fathoms deep. M tliat 
the summiknf ihe inountaizis of Cuba only 50 miles away ore 28,000 
fpot above its sointwjr trough. 

This experionce upon the Blake was the most momentous event in 
Alexander Agassk% scientific life, for it gave him a taste for marine 
exploration which was to domhiate his fnlure career. Without this 
he might have ^'ontinued to Ims an ombrymlogist and systematic eooIo- 
(>nt he wus destined to more conspicuous achievements ns an 
explorer* 

llfi effect upon the history of die mitseiim at Cambridge was also 
pmfnuiLil, for the mil put of museum publications had l>ecn so slow 
that at the end of 1877 oiily three voimuea of the Bnllctini: ” and 
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five volumes of tlie “^ Meuioipa'’ luid been tiompleted^ nnd y^t these 
piibJitndioiLS iiiiU Ixjen ap|peniing m parts for 14 nnd VS yenrs^ respec¬ 
tively. The t^'ports upon the collections giitheml by Ale sun¬ 

der Agassiz's esfjedkions gave these iniisoum publiciitioiis on erior- 
nions IiiqH^LkiSt ^ dmi ot the tinie of his death in IfHt) the HTty-foiirth 
vLiluiiie of llte Bulletin” and the fortieth of the MemoirB ” were 
appearing. 

Alcsujidor Agassiz realis^ed that the GoverniiH“nt Imd always failed 
to provide ade<[Liately for tlu^ publication of the ri^ulLs of its many 
esplonitioiis. and thus he himself assumed the direction and defrayed 
the entire espense of all of the public-alions reHiilting from expedi¬ 
tions iimivr GtJvei'mnent auspices of w^hich he was the seientidc di¬ 
rector. Xo results of eixplorntious have been mui^ appropriiitely 
published or better iliustrated thiiii those under the auspices of 
Alexander Agassiz. 

Alexander Agassiz did most msely also in sending tLie various col¬ 
lections not only to .specialists in ^linerica, but to the leading students 
in Europe imd Japan^ thus seimring the coo|}eratiou of those best 
eompeteot to pronounoe ufK)n them. 

During the first cruise of the ^foAe he (liscovered that the prevail¬ 
ing winds blowing over the Gulf Stream caused a nuirkcd concentra- 
lioti of floating life upun its vvt^aiem edge, and that this aggregation 
w’as now'hei^e richer ihiiii at the Toniigus, Fhn Accoi-dirigly, under 
Govcrntneni auspices lie visited the Tertttgas in Mandi and April- 
1S81^ with Dr. J, \\\ Eewbcsi as his asdstant. Although greatly hin- 
dend by stormy T-veuthcr. he siicceedei.1 in securing a large collection 
of marine imlninls, notably the Poriiitidw end Velellidiej an elaborate 
nnd fully illustrated account of which he piiblkheil in 1883, and in 
the same year, in the ^Slcmoirs” of the American Academy, he 
presjonted the result* of his studies of the fine coral reefs of the 
lortiigas. 

It is HiaA-c Echini iippearcd in 1883, and in 1888 came hk last Blake 
publication, a genenil account of her three notable ertiis4«u This 
cmwning work comes nearer to being a popular Ixipk than anything 
he^ as sole miilior, ever piihlistied. It is a general review of the results 
of the voyages between iSlT and 1880, and it appears in 

volumes 14 and Ifi of the Bulletins ” of the I^Euseuni of Comparative 
Zoology, being illustrated by 545 map* and figures of the highei't 
jirtiHtio Biid scientific merit. 

It is rarely, indeed, that tho result* of exploration hove thus 
siimmarj^ixl in a single work, and none gives n clearer idea c^f the 
*1 range forms of the I’reatnrea ttnit live upon the cold, dark floor of 
the deep sea than does this one, 

llic results may lie significantly siimmnriiieil by stating that we 
now^ know more of the topography and of the animals of the depths 
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of tho Gulf Stream utid West inilian iTcgion tliuQ «f ouy iubtourine 
Mrt-41 of vqmil pxteot 11 ] iho Ttorld* mid ilmi this kiioivli?dp^? is due to 
tJie Gsiploration-s of tin? iiiuler Ale^otidE^t AErjiHsiz^s s^jeiilLfic 

cUre^^tion. It is but ju^t to add that these not able aebievenieni^ won Id 
havi-i iK-iflij imposialbk had it not Ix^n for the incentive givnius tind 
inlelljgeot interest of Capt. Sij^boo in deviEibip: EUnijiding apparaitiii 
siud trawls. 

fl’o now enine to the elosing^ period of Aloxander Agassis -3 scien¬ 
tific life—Ilia longyeai^ of cJEplora(i<ni of tlie coral reefs of the world, 
for iluririg the winter of 1S85 he visiter! the HawLiiijui iHiaiid^ study¬ 
ing the reefe of Oahu, Maui^ and Kawiiii. 

For years tliis *?tudy of the iihhIp of format ion of coral islands 
was to engage his rapt attention, and he was destined to waniler for- 
tlier iLiid to 3 t?e more coral reefs tluin hati any iiiaii i^f science of I he 
pre'sent or the pasL Hh? Ixjyisb joy iiixm tlie siglit of suiiie rare cn^u- 
turc of the sea wa^? something nut altogether his own* for he inhcriled 
it frtau his father. The years of toil and care were all forgotten 
wtien he drifted in the mirrored waters idjove the reef and g^izeil 
downwaril into iis world of subtle color where contmsts of olives, 
hrow ns^ and gnauis were accentuated by a hutterHy-like Hash of hril- 
liancy as some fish of lloj coral world glided ontivard fnnu the dejjths 
of the shaded caveiti. 

He M'sv more coral rt^fa than ha^ any living man, iitid this very 
virtue of hh exploration is its thief fault, for the study of ooml nuefs 
k n complex problem, and It can not be solved by a superficial inspec¬ 
tion such as he was forced to make. No one rculiKcd this more fully 
than he did himself, hut lie believed that the siihjeet should be ap¬ 
proached by a sxtperfieia] survey of nil of the reefs of Lhi: world, and 
thuii he might ho\^ to discover places? where the problem might 
afterwards studied with decisive results. He aimed to point out 
only the bruad aspects of the problemt leaving the eluculntion of 
details to lho.se ivho might follow him. 

T believe tliat science will come lo see that he suceecikd in showing 
tliat Darwins simple explanation of the forinaliun of atolk does not 
holil in any part of the wmrld. Darwin, it will lx? reiiieinlM?refJ* as¬ 
sumed that wherever we find a volcanic mountain prvFjecting alxive 
the sea in the tropical regions corals will grow upon its submerged 
slopes and fonn a ring around it. 1 f. then, the mountain slo^vly sinks 
tioneath the sea* the coriils will as con^aiUly grow upward towuird the 
surfacci so Hint after the mountain hits disappeared the atoll^ring of 
coral reefs will still romnin* 

Alexander Agassi:^ maintains, however^ that atolk an' formed in o 
variety of ways, and may develop where there has Iwen neither 
marked elevation nor subsidence in Tll^Llde^Tl limes, as at the Great 
Darner Reef of Australia, or un<]er stationary conditions after a past 
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perinn;] of ^levRtion. ns in the Fiji Islansk, or by dissolving away of 
tho inner psirts of an ch'vat^^l Uni^one kliintL jir iit Bemiudtti, or 
P’nliingifl. in Fiji, or we inay have a submerged crater the volcanic rim 
of which may enide it way tn boncntli level, thus giving a founda- 
tion for ifc ring-shnp<M:] cornl rceh 

Unfortunately tlio very multitude of Alexander Agii?si7,'s ob^^crva- 
tions and the somewhat confns^ed style of hi^ writing rendei^ him 
difficult to fullotv* Had he enjoyed grenter experieiicfe as a lectuner 
he might have become a dearer waiter, for he constantly assumetl that 
his readers were m fainilisir with the subject aw hiniself, and that a 
few words would make his meaning its dear to thetii as to him. 

It is to he regretted that of the three great ivnlers upon coral reefs 
Darwin saw only one atolh Dana s.nikd past many, but was per¬ 
mitted to Iniid npHMi fowj for the islands were then inhabited by 
dangerous carmibals, and Agassi?! was compelled to cover such n 
vast, field that certain of his concIuSiorLS^ he state^i hiiui^lf, are 
still tentative ^ for the solutioii of some of tlie questions presented by 
these problems demands ti more intensive uiid prolonged study than 
he was able to devote to tliem. 

WTiile in tlie Hawaiian Islands in iSSfl he found tlmt the conil 
reef:^ have re|jeate<lly l>eeii buried under lava floes, and that tl^e corals 
Imve again gi'own over tljc submerged lava. The reefs have nowhere 
Ijcen elevated more than 25 feet above sea level, but the coral 
imd shell’ ffagnioiitJ5 have lieeti blown upward along the mount a in 
slopes and hnvo forniod limestone dimes, which the ruins have ce¬ 
ment ihI into sol ill rock. Tliese wind-hlown limestone ledges may be 
foLind 700 feet or more above the level of the sea. 

In ISnO he published a papi?r showing that reef corals may become 
inches thick in 1cs» than suven years, bis observations being baii^ed 
upon a study of corals tliat bad grown upon the 11a lain a-Key A Vest 
cable. 

In 1887 Alexander Agast?iz was invited by tlio United Stales Fkh 
Commbsjon to assume the scientUio direction of an expedition of the 
steamship Albatroi^ lH*Lwi?cii Piinarna niid the (linlapagos Islands, but 
he was unable to accept until IS^tt, when, fn>m February until May* 
he rnibcd with the Albatron from Panama to Point Mol a, thence to 
Cocos* Msilpelo, and Galapagos Islands, and itom Acapulco tn the 
Gulf of Californio, making 84 deep-sea trawl hauls, soundinge, and 
tompe rat lire nW^rvalions, and in five more stations using the sur¬ 
face and submarine nets. 

A significant feature of this expedition was due to the invention 
bv Lieut. Commander Z. U Tanner^ United t?t4ites Navy, of a self¬ 
closing net. which enabled one ti^ f^btain marine animals at any 
stratum of depth* anil thus to determine the range in dei»tli of marine 
creatures. Tlie use of this excollent net led .iVlexiinder Agasefiz to con- 
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chide thflt the flofltiTig life of Uie surface of the sea not sink to 
a ilepth "Tcater tlian 200 falliomsT and =thfit the bottom forms of tho 
deep sea do not rise more tlvnn tX) fathoms above the floor of the 
oceaii;, iint.1 that there is pructivijilly no life between 200 futliouif? be¬ 
low the surface and 00 fathonis atxive the bott<inn I-Tis later studies 
have, however, shown lhat these eonciusions n>ii5l be modijUed^ for 
Lu tlie tropical Pacific.surface fonns are fionietimcs taken at a depth 
ci about 300 fatliouis l^eneath the surface^ and although ihe surface 
animnla do nol cfanniorily ^ink to depths greater than this, there is 
nppnrentlv a mast intere-'itin^^ intemiediate fauna of medusBCf 
wliicli are sometitnesi found at depths gix‘ater than 400 fathoms^ and 
which rjitely or never rise to the siirfae^p Apissiz clearly saw the 
compkxitiea and difficulties of this problem and realized that its so* 
lution can be reached only after many have labored upon it. In¬ 
deed, he himself was forced through lack of time to abandon its 
atiidv to others. 

A very uicii collection of deep-sea forma then new to science was 
luailc hy thi^ e^ipeditioii of tJio Albatro^ft^ nnd have lx*en di^scHlwd in 
numerous papers in the Bulletins ” and Jfenioirs of the ninseum 
at Harvard. 

The most important genera 1 result was Alexander Agassizes dis* 
covci^* that the deep-sea animals of the Gulf of l*anama were more 
closely a I lie J to those of the depths of the CftriVibcen Sea tlian the 
Carihljciiii forms were to those of the deep waters of the Alhinlic; 
This leads him to conclude that the Gulf of rnmima was once more 
intimately connected wuth thti Curiblxan than the latter is with the, 
Atlantic, and tliiui tiie CaribWan l^ea was al one time merely a hay 
of the Pacific, aud hm bcMine iihiit off since Crt^taoeoiis times by the 
npliftiug of the Isthmus of Panama* 

In Alexander Agag^b puhljsbcd his general report upon this 
imix>rtaiit c.xplonitlon of the Puiiamic iTgion. and he eonehides that 
the Oahipagfjs liihinds have never been connected with llie miiitdand 
of Amerii-a, bin that the ancfefe-tors of iheir peculiar aniniuls and 
plants ivere drifted over the ocean by the prevailing winds and 
sstranilttl iijam the whorl's nf thw remote islands* He also ob^ned 
lhai the animab of the deep-sea arc prepond era tingly reddish or 
violet in color, and that blue-colored forms, fnich ua are observed 
on tVie surface^ are rare in the depths* Tliis inclines him to suspect 
that the lingering renin ant of sunlight which penetrates into the 
depths is ml, hut in view of the aWnee of observation he is cautious 
in adviuiclng this suggestion* 

Another pnper of 1802 is hU description of an interesting crinoid 
fiv>m the da]stlis of the sea near the (ialapagoa Islands* This h a 
highly gnoiTalbed form, and it k benutifully painted from life by 
Wt^lergraii, wlio accompanied him ag artiat upon tlie Atbaircss. 
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Tn ISOS Riul IfKJ-l he <testerthe tliHjp-sea ochini foiTud otT PiuiDiiin, 
tills beiiipr his last jmpet iqioii the results of llu' explorJitioiiH uf 
ISOL The finnl rf|iort k Ix^HUiifiinr illiistrnted with dnnYing^ 
tnnde by A, Wester^^reii. 

In tbi" niUtunii of 1S02 bis friend. Mr- John IL Foiiws, otTe™l to 
place Jit bk clkposnl bis sloaiii yaebt Wthf lhiri\ a T;eawortliy little 
vessel 127 feet imtg U[Hjn the water litie^ and from Jaiiiniiy uniil 
April* 1802 * be eriiiscd in tiik yticlil, waiuk-rini^ for more than 4^5f)0 
miles among the thiburnas and off the (hil>iin coast, engaging in the 
study of the part which corals have played in the formation of these 
klands. On tlik and all subsequent c^jwditiuiis he was accompanied 
by Ills son ^[aximiliiin. who was lik fiitbcr^s I'tatstLtnt companion and 
friend^ and yyIio serY'ed as Ids |jliutogt^ijher. Tlie re^idlH of ihk 
vnyagt* were puldished in IRIH in the Bulletiir ^ of the Mitseiim of 
Comparai ive JicKilogy. 

lie ctHK'ludes that the Bahama Islands are composed of leolmn 
n>iik^ Iwing formed of wbiibblown frrignientw of shells and other 
limestone parlielpg of animal origin which, after being blown uin¬ 
ward nbf^ve SCO leveU have Ix’en agglutinated into rock by the agency 
of rain waten After being thus built up the klnnds sulj^ddcil about 
3(X) fcelt and are now imicli ainaller tlian they originally were, for 
the sea and atmospheric agencies hare eroded ihern greatly* The 
prescni-dny corals form a mere veneer over ibis submerged icoUan 
HM'k and do not play a prominent part in fartniog the islands. The 
fto-caileil “lugiKins^ of the Bahamas are merely paHj^ of the interior 
of the islands which have l>eeii dissolved out under atmosplieric 
agonciei*, rain, etc., and have been decjKuied by tho action of the sea 
after the ocean water entered tliem, ilogsty Atoll he wonUl regard 
DB ti plateau of submerged leolinii rock siimjtindod by a rim which 
does not reach tiie Hiirface and is pn.itcctei.1 from marine erosion 1>y 
a c<inting of niodern corals. 

Five snjjei init>used limestone terniees are seen at Cape Mayai and 
ran Iw traced for n cnnsideruble distiuii-e along the Cuban c^iast. The 
lowermost of lliese Uirnircs is raised only tdioiit 20 fi^-t aluive seu 
level and is clearly on elevated conil rc<T, hut the <ddcr and higher 
terraces he is inclined to regard Jis l>eing of Itniestone covered mily by 
ft mere veneer of com Is or containing only a few scattered coral heads 
and not true elevated coral reefs. 

The [jeculiar t!aBb-shai>ed harlKn-s of Cubi with their narrow* en¬ 
trances and broad lagoons intereste<l him gi\'ally, and he decided that 
when the la ml was elcvnietl these depressions liiid Lk-cii leached ciiiL in 
the limestone by the uctiou of streatiis hi the drainngenreas of the val¬ 
leys, and ivhen the land iifterwanls sank tho broad viilleyH w'cre 
submerged, with only u deep iiarrew entrance connecting them witii 
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the tm., Yiuniiri Vnllej woukl constitute just sucli o Imrbor were it 
gubmeiTjed benciUh tlio sen. 

This study of tlu; rwfs of Cubs mid the Bahnmas nn In rally led 
him to reticw his oljflorvatiohs in t loridii ami to visit the Beriruitliis. 
He-'uiw the Bermniift Inlands in ^iareh, IS94, [inil in Hwetober of the 
same year lie chartered u tug and steamed along the Barrier Reef of 
Florida. 

He found that, in common with the llaliamos, the Beriuiidnii con¬ 
sist of aHJlian limestone. In pku'oj^ the interior iff ihew islands as 
dissolved away by the action of rnin water rcmlenil acid by decom¬ 
posing vegetable matter, and thus depressions were formed in the 
central parts of the islands. Then when tlie islands sank the ^a 
broke through the rims and filled the lagoons, afterwards deepening 
them by its scouring action. 

Thus the Bermudas have assumed an titoU-likc shape, but their 
contour is not duo to corals, lnde«l, there are but few corals^ at 
Bermuda, and these form a mere veneer over the sunken leollnn 
ledges. The sci-eulled uiiniatiirt; atolls an* mere pirt-boki basins 
which have lx*eii scooped out by wave action in the afolian nx'k, and 
their rims are never more than 18 inches high, and consist of a wall 
of ipoiiaii rock covered by a coating of serpula*. algie, and coroilines, 
which enable I hem to wiriistaiiil Lite wearing action of the «a. Tims 
Darwin’s theory of conit naifs can not explain the conditions seen 
in the Bahamas and Bcpmiidus, 

The rcsmltfl of his study of the Florida Reef were finally pub- 
lished in l8fHl, in cof>peratioii witli Dr. Ijeoii S- (.iriiHWold, Agassi?! 
concludes that the Mari^iiesas of h'lurida or® not mi Jitoll, but indose 
B sound that has not iiccn fumied by sulistdcnce. but by the solvent 
acid Iiiechnnktit aclion of the m\. Thus the ilarfiiiesaa are similar 
in their geolopicnl lustorj' to other sounds back of the line of the 
Klnrida Keys. 

lie found an elevated iwf extending along the seaward face of 
the Florida Keys from I^ower llatammbe to Soldier’s Key. AVe 
now know, however, that the elevated reef actually extends from tlie 
soutliem end of Big Pine Key to Soldiers Key. Agassis believed 
that the oolite limestone back of tlie elevatin] reef and along the 
maiiibnd shore of Key Bbesyne Bay was ovlinti rock; but Griswold 
decidfil that it wan only a mud flat which had been foniied beneath 
tlio water, and afterwards elevated. Liiler stiidicft have shown that 
( iriswold was right. 

Til 18b.> he iustiliited a study of the underground tempernturc of 
the rock walls of the Calumet and Heda mine, and found that the 
incrcajic la only F, for overy 2*23.7 feel ns we descend. His deep- 
Kst temperaturo observation was 4,580 feet beneath the surface of the 
ground. 
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ilo liRil nfvw seen b 11 of ilit cioriil of Qie Atlantic onJ tiirncil 
his attention to the sxploraLion of the Pacific. In April and Mo>% 
1R91K )ic cruised along the Great Barrier Keef of Australia in the 
little Hteatiaer Cr&r/ifloii^ vhich he ehiirleretl from the Aii^iralian 
United Steam Navigation Co., Capt. W, C- Tliomsoii \mng in com^ 
111 and. The voyage Lx'gnn at Brisbane in April, extended northward 
to tlie flope Islands^ ntid ended at Cook town in May. fin fortunately, 
he had come to Australia in the height of the trade-wind seasonH, and 
the almost constanL gn^le greatly hindered the work of hb cxpcilithuu 
Indeed, during more than a month of cruising he could spend only 
three days on (lie outer reefs, and the dredging arad study of marine 
life which he had hopetl to carry out were practirully abandoned. 

fie concluded that the many bhinds and submerged Hats nff the 
Queensland cfuisi wen? once connedte^l with the mainland, but have 
l)een separated from the rontirient by erosion and denndntion. After 
the formation (jf these (lids and islandii corals giew upon them* 'rhe 
recent reefs have Ijeen elevated at least 10 fect^ and do not owe their 
contours to subsidence^ yet ih^y fewm true atolls, llic inner cliannels 
<)f the Barrier Reef arc maintained free of conds hy the great amount 
of iiitt held in susfwnsion in the water or depositcil to birm a bine 
mnd over the liottum. Thus there appears to Ik» nothing iu the Grcar 
Barrier Reef I'egjon to lend supiHiri. to Darwin's theory of ctind 
reofe, 

A tangible result of this exjwdition was tlio enriching of the 
museum at Cambridge by a great collection of Barrier Reef corals 
gathered umler Ale.xandpr Agassiz’s auspices by 11. A. Ward. 

His ex|>erienoe in Australia taught him to avoid the tnnle-winil 
season and henceforth his expeditions to coral sea a were timed so 
that he cniised among the reefe in the lat^s spring and wirly Buinmer 
months when the trades have died out into the long hot days of calm 
whidi preciale the coming of tho hurriisiiTh'®. This iiitcri nl when the 
Inrrid sea is sleeping gave him the opi^ortiinity to land on iimiiy a 
jagged shore thnl defied approach at other seasons. He then ctvulrt 
w^aile through tlie still waters over the coral reefs* and unravel at hht 
will the secrets of the atolls^ composed i\s they are of wjive-tossed 
fragments that once were shells of nudliisks or skeletons of creahires 
nf the reefs. His ovcrmastiTing Intercast f-arried him to the shorfiss of 
hnndn.Hls of these distant ntolis whera the pLitiiu the Patulfinn/t^ 
and the fishes of the rc!i‘f afford the only su^itenaTire fur tnun^ wisere 
there are no hills or streams and the land is only a niim>w $trip 
across whiidi one hears cunstanUy tlie mar of lieavy breuki?i>!^ 

llieso years of cruising acjcentuated his already prefloudnant self- 
reliance, fur the commander of a marine expedition must needs lie an 
niitucrat by profession. He was acxmstomttil to eummand and to l>o 
obeyed and his relation lo the Harvurd Museum during these later 
t>75Tl5*—AM 1010 - ^ 
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vi?ars wdii: in iniiufttnre e-iinllnr to that of Bismarck to th& GFrniflu 
cinpln;. Indwhf], Uicre wns u slimige phjTHcul unfl meiUiil rijsemblniice 
IwtwMii Aksnndfr Agaissia rttul Bii-niiaifk, Fearless, resolute, c^utet 
to anger, defitiitely purpt'wefiil and full of resource, they were closely 
tikin in chanicliT, imd itiileed there seenied much in ronimoii between 
the two, for during the course of his long anil honoml life Ale3;iin<lf!r 
Agasais! Iiad been granted nmiiy interviews w'ith csnlled personages, 
hut ills meeting witii Bismarck was the only <iiie to which he delighted 
to refer. Alexander AgnssiK was a colosiol leader of great enter¬ 
prise*, fully as miicli as he was a man rsf science. 

The cfdd' wiulera of Cnmlmdgo were Intolernhlc to him, and each 
year from 18TS until the dose of Ins life he si>ilght n more genial 
climate. Upon these pleasure excursions ho visile*! Mexicfi, Central 
America, the West Indies, India, Ceylon, Japan, the readily nct-essiblc 
parts of Africa, and every country in Europts He never went fur 
into the arctic regions, ultlinugh he saw tlie midnight sun at North 
Cujie and visited the Alontinn Tshmds, Upon all excursioTiH of the 
Inst 20 veura of bis life bis constant companion and friend wits hie 
son MnxiTiiilian. 

In 180U, in ^-ollalroratlon with Ur. W. >lcil. Woodworth, he pub- 
lishetl a paper upon the' variations of thfllT siweimens of the medusa 
Oftefin (), in wiiicli tlie anthorsshow that aberrant specimens 
of Obelia are very coinmon. Tlii-s [japett is illiistratccl by interesting 
photographs made fnim life l>y T)r, Woodworth. Ibis is one of the 
last of the studies pnblislied by him from his Kewpfjrt laboratoiy, 
the latest one bcirig in 18118 upon the sey[)homeilus5n Daetijhmflra, 

From November. 18HT. to ,lanimry, iSftS, he cruised among the 
Fiji Tdfiiids in the little stoamer Yirralfa, chartered from the Aus¬ 
tralian United 8learn Navigation Co. and under the command of 
Capt. IVh C. Tliomson, 

Dana had statftl that the coral reefs of tlie Fiji Islands were typh’ul 
examples of liie theory of Danvin, and Agassi a was greatly surprised 
therefore to find the clearest e^ddence of elevation, for in some places, 
as at Vatu Vare Island, the late Tertiiiry limestones are lifted more 
than 1,000 feet above the sefl. This gfeiit elovntion, wfiich is so evi¬ 
dent in mi morons places among the Fiji Islands, prehably took pi aw 
in Ifller Tertiaiy times, and since then the Islntids luivc l^n greatly 
ertnled and reduced in siac, deep valleys being cut into their mountain 
slojKfs and many of the istands having Ijeen wnsbetl away i>y the 
tropical mimf. leaving only a submergctl fliit. The ctwul rcefa tliat 
grew iiroiiiul tlie shore line of the ishiiida still remain after thu islands 
have washed away, and thus the living reefs now mark the contours 
of the i-dimds as tliey were. Tlie cuTTente flowing in und out of open¬ 
ings in llie it'cf rim have deepened the lugotuis, I ml nftvertheleiss tlierc 
arts many coral heads growing in the Inguun of eveiy coral alolL 
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ily thilt ihv eon] iwefe whkh ai^imd a vid<?tinii- niauntain 
rt'njain after the mountniu hus ^Vkisbed away, and tJms an atoll in 
farmed withcait the oi f^ubsidenoe. In oilier caj^e^ as nt 

riilan^i, there waa once an elevated coral liioestone island lifitd 
alw^^e sea level, Thjcn min water and atniosplieric erosion leached 
out depn!'!^POn& in ila cetilral parts and iinally the sea eiitere<l, fortO' 
ing a lagoon Hiirroimdetl by a ring of detached islets of elevated lime¬ 
stone. In either iJisea the crater rims have washetl away and a iTJig 
of eond reefs now marks the site of tJic old volcanic ridge. 

Aixrtprding to Agassiz tlie coral reefs of to-day in the Fiji Islands 
form only a cnist of tiioderale thickness upon a. base of old limestoiie 
nr voU^snic rock. The presimt corals funii only fringing reefs along 
the tihoree, mid the t!C5ntonn?? of the atolls and barrier reefs ere thus 
line to causes wbitdi acted at the time when the islunds were elevated 
late in tlie IVrtiary period- 

In so gn'^at an archij^>etago as that of the Fijis W'ith mom than 276 
islands then? must Ikh iiyiny details of iwf himirttioiiy the elucidation 
of which i-cqijires more prolonged study than AgaiMiz w jis enabled to 
devo?e to them in his visit of less than three months; for example, he 
was pijzzleil Xx> explain the great thickness—1/K)0 feet and more—of 
the elevated liruestones; for rw^f corals do not grow at depths gi'eater 
llnin ahont 120 fceL Could iliese enormous accumulations have liccn 
formal by tt^ral reefs during a periia.i of ^ioiiv s^disidenct*, as Danvin 
had assumed, or wet^ they merely the tains of bivken fragmentfi 
which hud rolled dow^n the seawnnl sides fn>ni the outer edges of the 
reeft or were they formed by ii slow aceiimnlntioii of Imiestoiie frag¬ 
ments and shells of marine creatures other than corals which had 
lived upon the bottom moi-e than 1,060 feet Iwnenth the deface and 
gradually biiill up a vast mass of limestone, os was the cas^ w ith the 
great stibnierged Poiiilalcs Plateau eH the Florida laiast ? lie had bi 
mi ml the fact that even bi the richej^t coral-reef i-cgiuns the masses 
nf broken shelb and fragments of calcartHJua pknta are conimoiily 
vastly" greater than the hulk of the eoraK for the corals grow only 
here and there over tlie limestone flats, and rloiiri.sh liixuriantbv orily 
on their seaward slopes. 

Were such a reef to form during a long pericHl of slow suliciidcnre, 
and then Iwctiine elevatetJ aliovc the sea, vve should Hud only an cn^ca- 
sional coral here and I here imbedded in n great mass of linu^tcme, 
Tliifi is the appeai-aiice i>rescnted by some of tlieHC elevated ILEuestone 
cliFs of the Pacific islands, while others appear to W walk of non- 
corul-hearing limesioiie capped ahovo with a crust of corals. In 
iminy txises, Imw ever, the corals they once contained have clisapiwarLxl 
and Is^n rcplnced by cidcite or doloinite, Tliese cleviited limestones 
siKJii beeoiiur^ very hard when ex]JOsed to the litmcssphere, for llioy 
Ik'come coated by a dense veneer w hich rings with a clinkei like soiiiid 
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Both CJaTiliiier and Agnss’tK ihut then? is t'vidi'iii-t^ of riK^nt 

liltivation III tilt ]^Iul.iliv 4 !:s^ and thut piMiiiilions which are 
at the p^reseiit day arc delcrniijiin^ the Kh}i|x^ of the 8 liiftin^ 

fill lid hur^ |djiy a eoDfiidenil>le nMc in <lcfcrrijining^ the cuntonr^ of tJie 
.sDiJte of iJioni lndng n^aiiily riujufii of siinilbars indoHin^ 31 
hi^ooro 3 is iri tlie (riibert Isknihs. Xtj duviited Tcrliain,^ lirneitoncs 
were seen, but ihe nuKlern cural reef is in places now uliove the sea. 
In essential respects Oardinor iind ure in nccorch Irotli 

deride that Darwin’s theory k not fi]>plicab!e to the Maldives* They 
differ, however* in the conception of a '"perfect atolL^ and in their 
opinions of some of the causes wldcli have letl to the deejieninij of 
tJie lagoons* but the dlsetLbsiun of these niatterM would be unproJitjihle 
in this place* 

Dr. Henry Jl. Bigelo'^'' an assistant upon this expedition and 
Wrote a report upon the meduHic* 

A Tier his reliim from this expedition Alexander Aga^iz was not 
suffered to remain long at rcstt for once agtiiu, for ihc thml and last 
time, he was given thargn of the dffmirom. The AIbaff'o$» left fym 
Fmncisco on October d, and steamiKl to Panama. Tlience to the 
Galapagos Tsiands. then to Agii}a Point and t.kibo on the Pcriiviiin 
ooasK and then to Easkw Islnndt frcaii which she jxdurncd in (he 
Galapagos, only to again venture ouf over ihe Pacific to ilangn Reva* 
then Itack to Acapulco* and home to Jrkn Diego, where sIjc arriveil in 
Mivrclu 1905. Lieut, Cotiinmnder L. 'SL Garrett* l^nitK] i^tates Xavy, 
was in command, and they erod’d and rectossed tlie Humbuhlt cur¬ 
rent four tinn's* cniisiiig more than I'hUOO miles, making ItU) deep'Sea 
liOiitidings and 2S0 pclngicr hauls. The ex|>editiim rniiged over the 
largest nninterrnpted area of iK!can in ttie world. Prof. C* A. 
Kofoid colleeteil the protn^toa iiitd Dr. Henry B. Jiigelow tlie tiic<lusic, 
while the coj-ai rettfs, (n:eanogniphy, amd cchiuoileniLs ivere simlied bv 
Alexander Agaiwiz. 

Interesting pliotugruphs of the grout stone images of Easter Island 
were obtained* and it wa.s found that ^hingii lleva b a bun'ier reef 
island with an erodes] volcanic renter. 

A renin.rkable result of the e.xpedition is the discovery that tlie tolil 
Huniboldl curreiit* which flows noilhward along the western cosist of 
South Anierlra from the Antarctic to the equator^ b a great bearer of 
pelagic life tec^ming with nK'dusa?, salpic* and aU maijncr of tloating 
creatures, ImHIi on the surface ajsd in its dopilis; but in 1 ]ic outer 
Pacific ta^yond the wesiem edge of tliis great current we find a vast 
urea almost barmi of life. ALo the l>ottom under the Humboldt 
current Ls crowdtM] with organwhereas tliero is a sparsely in- 
Inshited hiihmarine dcijcrt to the wcstwaixl of the western edge of the 
eiirrenl. The effect of this current uinm the distribution of pelagic 
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life is most den ply flcscnlwtl by ileiiry ]t, UipfloAt' in Lis iitfoiim of 
the tnedi)snj! of this f*s|;H‘ditjoi}. 

This vvns AleAniidcP A^ssiz’s Inst prent st’lentifit exjx‘(iilii)n, nl- 
(hoiiph in IDOS he inede a brief visit to tin* Floridn lltsef, eiitl from 
Febriiury iiniil March, lOOT.Uecniiscii ihrottpli the West IiuUee from 
Forlo Itico to Grenada in the churlered yiidit Virfftriia. Dr. Henry 
B. nipt’low was Jiis scieiitifir )is.sistant, ami ninny peliijijic hauls %Tere 
rundv, but the repion wns foniicl to Iw nlmost barren of lloiitinp life. 
I tiis is an extraordiniiiy fuel, aiul it applies ul present to the whole 
vast iiepinit of the IVest Indies, thus from 1S77 until 1S08 the repioii 
of ilie Tortiigns, Fla., was noted for the variety ami riebnem of its 
floating life, but sinee that time the jielapic animals hnve lievome 
rarer year by year until at presimt the repion is almost a lU’sert sen. 

In Aupust, lyOT. he presided over the meeting of the Seventh Inter¬ 
national Zoological t'ongnoss at Bast on, and his presidential address 
is an uf^utit nf the ]inhlk’alions wldch had residted from his many 
oa[> editions, atid tiie rejiorts of those lo rvhom he iiad sent collections. 
Tlsese inditde the raot;t noted siiecialistA in all of the highly civilised 
countries of the world. 

I n I he winter and early spring of JIK)8 lie visited tlie equatorial lake 
regions of (eiilral ,\friea, tiie expedition iKiing iiminlv ii pleasure 
trip. 

lietween Itror ami IfK)!) he published five pa|sJrs iipftn Paidtic echini 
with Dr, Hilbert Lyiiuui C lark as joint author, and citlier papers uf 
(his serii^s are still to appear. 

Ill coninioii with all students of pure science in onr country^ Alex- 
oialer Agnssia was far more highly appreciateil abroad than he was at 
home, for in our muntry practical applications and the invention of 
niGchaijicid devices compass nearly nil that llie general public carefi 
for science, ami Inilecd our Republic is without nieans to confer hon¬ 
ors iipwi its scientific men. Thus while he wna mi lion lira ly metnlicr 
of all of tlic grciit sekntide fiocicties of Europe and had U-cn recog- 
ized Olficiiilly hy llie Republic of France ami the ({ermiin Empci-or, 
only one American university (his nliiin mater) conferred upon him 
an liontirai^" de^trw. 

Jii 1838 he WJJ 5 made an Officer of the I^egion of Honor of France 
ami in 1!>02 a Knight of tlic Order of Merit of Prussia. He w’B.(i n 
foreign associate of the Academy of 8(dcnce of the Institute of 
France, the only Ameri«in af«ocinte« of I hat time luting Agassin and 
Newcomb, lie was foreign hoiionm’ fellow of the Royal *%icietv of 
Edinburgh, foreign membitr of the Boy a], Liuncan, and Z..nWinil 
pieties of Londoh, Iionorary member of the Roynl llicroBcopical 
Society of Ijondou, and hoiiomry member of the academii'S of Berlin. 
Prague, fiuttingeii, T^ipxig, Munich, Jlanobewtcr, ^'ieiina, t*i>salii, 
Stockholm. Copenhagen. U&ge, Moscow, Rome, Bologna, Genevti, 
Me.vico, etc. 
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Hu rewivcd the honurary degree of Lh, D. from Ilarvar^J in 1S85 
and from St. Andrews, Scotlaiid, in IfKH? Pli. D. from Bologna in 
18S8; and honorary' Sc. D. from Cambridge in 1S87. 

In 187S he iriis awarded the Plix Serres by the Paris Academy, 
being the first foreigner tf> be tJin^ Iionored, and In 1!K)9 he received 
the Victoria rescai'ch uiedal of llio Royal Society of Tjondotii 

After the publiimliim of the results of ilie Slnldive find onsteru 
Pacific expeditions, um great and final lajdc hiy ijefore Idnn This 
WHS to prt?sent a stitunniry of the resultof his 2ri years of study of 
the eora] reefs of Ihe world. Five yeati? woald have i>een required for 
the preparation of tins emwning work, which woulcl have lx>rtie th^ 
same relation to his coral-ret^f studies that hb Three Cnii^ of the 
iilitke did to his early det-p-sea work^—fln epit/mie of the whole 
f5i:jliject For 82 years the Agassis^ father iiiuj son had been uetive 
leadei^ in scioiii'e. and he hoped for five more years (>f |ji‘fxluclivitj. 

But this was not to be. He had for sevcml years been suffering 
from an iinpLiirmcni of the circulation mid had ratixmtcTd for rest and 
rt^reation to the genial climate uf Egypf soiitheni Euro|M^, 

He was returning from England in tJie stcanitihip Adriatic^ and 
never did he iqjpear to lie in happier moocl than upon the niglit of the 
i'tiib of March, 1910; hut on the morning of the £7th he failed to 
appear, and whera his son Maximilian entered his falhcrs cabin it 
Was seen that be lind fallen into Ins last lung sleep. Many a guaided 
secret had the ocean revealed to hini, tmd it wus fitting that far from 
the sight uf hind with only the waves around there eutne to him the 
mystery of deatlu 

lYlieu 1 was young and struggling Ills hand befriended me and bis 
great niitiil gave diticctioii to the thought of tlic life I have led, and 
r think upon his spirit w'ith gi'atititde and reTerence, for he was my 
master in sc^iejictsw 

XoTKL—A n^t of the prtuelMJ fiCSentEfte wotkM cf AJcKnoJpr a^>eum- 

imales Str. aUiycKa tcprlut ol I he iibove imiwr* lucludlug? oiluot piibUcatloji^ 
Ue waa lUe nvrLar ui lU leasl ‘J-tS tttJefc Sea Ctiork'^ W. Eliot, in HarvarU 
Cjinilujitefi' yiaauzliie^ vuL IS, ih OoS;, Jmie, lOKX**—Eoitua. 


IIIvCENT WORK ON TJTE DPITEEJITNATION OF SEX.» 


By I^FXy^Am l>C.SCA»Tlgfl, >1, A.ir 
F^oh? ti/ €mnhriit^i&. 


tXotE.’—ThlB patwr wo* in ItKKi. and unifrU Itiiisortntit work on tJic 

snbjoct linn gtJnt'e It hoi^ only been po^slbli^ m refor in fwituoti^ to a 

fijw of Uie tooti^ Init^ortADt of llicfto patM^m Tlic: ncMItlonnl notes mid 
Ofo Intdfwieil In ftiunri!' brnelEorn [1* It will 1 h? peon tlmt oomu of tliD ophiiona 
may roqiUrc uoiillClaltlciu In tJie Jlglit of ouf ftiElof tnowleOt^i.— 
D. April, mh) 

At the Dublin meeting of tht Pritieh As^Jation the sectiotis of 
zofllc^ anti IxJtany devoted n niornitig ti} a joint dkciinsion on the 
deterndnalion of Some account of the opinions expi^sed hm 
nppcaTctI in reports of iluit mc?oting.* As in nil discussions mi this 
eubjt^ot, the speakers were divided into two groups, holding opinions 
whi<di at first sight appear irreconcilable- On the one hunt! there 
wo^s the school wdiich nmintnins that U a property of the germ 
edia and that after ferlilizationi if not Ijefore^ the egg h irrevocably 
committed to one or the oilier sex; on the other there were representa¬ 
tives of the iiifiiiontial body of biologists who prefer the view tliat 
sex can be inllueiieed by estoriial conditions anti that the sex of any 
individnai t.lic result of a eombination of forceSj some tending in 
one dinetrtion, some in another, Not many years the latter waa 
tho prevalent opinion; it was supposed tlait. the fertilked ovimi was 
potentially bisexual, malcness being introduced by the spermato^ioon 
and femalenc^ by the egg, and that the sex of the developing 
organism wm determined by n variety of factore, the resultant of 
wiiicJi decided to which aide dio balance should incline. This idea 
was sttpported by experiments on fcedini^ the lanse of ijnsects, frogs, 
etc,, m >vhicli it appcitre^l that insufficient dint led to a higher pro- 
]x>rtion of males than when the creatures w'en! abundantly fed. But 
critics Lave alivays pointed to the fact that these results might Iks 
explained by differential mortality or other circumstances not allowed 

1 [{fiprlntfd by pfnulul&Qp wixh aflthor'a udiUtlAQi aaiji (SorfwjtlooB, frum ftctrciw I*nj|i^- 
reap, l^D^uri, No. 13. July, Oft-104. 

^NOturo, OcL 1S>0S. tqL jk Ml. 

m 
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for by I lie expcriiiichlers; iis we shull see, tlien.* * is* such n mass of evi* 
(Teiiei* int’iiniiiluled on tbo other sale tlint Ibis itkn is non' largely 
ubamloneij by biologists. 

lb It iililioiigb the ibietTine that, scs iiwiy be iitllueiteed by the en- 
vironiiient of the embryo or Jnt'vii is Imgely <liseredttecL o ironsider- 
able body of evitleiiee bus l»eeii lirongUt forward to show thut in¬ 
ti iieneess anting uii the {isiitimU, partirularly cm the mother, before 
fertilisation, may iifleet the sex of the oiF-*]>nng; tills idetr Ls not otwti 
to ibe objeetiuDS wbidi api>ear fatal to the older view. Two of (he 
most convincing pieces* of work supporting this conclusion ure lliost? 
of IsHukowitsch on tlie Duplniiidse * and von Mulseii on 
Issukoivitseh worked with the paithenogenetio females of .SVMawr/^Acf- 
von liaison with Ih’mphUux apairh, in %r]uch the eggs are 
fertilized: ctttrli found that diffeixmcef* of temperature caiisecl ditfer- 
ences in tlie prupc»rLion of mules proditml a mi I Kith oscrilicd the 
ditrerence to changes in the luitritioii of the; ninthcr, Manpos* and 
NuH*buiiiii* made sotnewlint similar statements iiljout 1 /yJatim tenia, 
in which all females are from birth eitlier male producing or feniirle 
producing: but nmirdlag to them the ses of the oIFspring of a 
pjirlhenogcnelic female Ls detormibed l*y the conditions of tempera- 
Inre cir nutrition to whieli tlisL feinuln is subjected in the parental 
iitertjs. PninicU* denies that temperature or nutrition lias any clfect 
in the case of //jfttaiiHa inid r>aya tiiat some stocks give rise to many 
urrhenotokiius (tunic producing) individuals, others to few or none. 
So it oeeins not impossible that in this case, at least, the evidence for 
the biEucncc of envlroniuent naiy not be as gocsl as it appears at 
lirsl, and thut some such cause as difTecentivl m0'rtalit3' may bring 
about the results oliservcfl,* 

I’he idea that Viiriotis exteiTiul eirciunstanccs may iidlticnce tlie 
proportion of the sexes does not rest only on experiments on iuverte- 
hnites; there is a coiiHiderabte muss of statistics pointing in the same 
direction in tlie higher vertebmtrs, indiiding man. In these cases the 
inuiiLer t»f jouiig produced by one pair is relatively small, and in 
tuost laisos the eviilenee takes the form of ligures drawn from a con- 
sldersble population. The ditferences due to altered eiivimniTtcnt oi: 

circutiistanctfij nmoiint tci ojily a few pot* cent; but if 

they are corwijatent in ji Itirge jjopuliition they must be taken into ac- 
eoiinr in nriy tliedry of sex dotemiiniitLon. Their Ls u vais^t number c^f 
pu[icrs of Uiis snj^m^iing that a ^cal variety of externa.! cir- 
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nllmstllm;<^^ nmi' iilTtict Hit* pi‘m*nttig(' of llie nexes nniiin^ the t4F- 
i-priii/' born; ntiifmi? we nwy rlicioi^e a few of the more mseot us 
exaiiipl&s of the kind of resiiU oLtu)ne<l. SViirl' ishows tlmt of over 
:iW,WKl liirUis in liiieno^ Alnn;, tJifl proiKirtioii of Jiiiilrii is sijjiiili- 
esiiUly greater when llie pnnnits are of diiTiTeiU nieial ifit(K:ks Lliiiii 
when they are of the same. Tlic dlJFemire ningis fmiii nboiit 1 
eeiit to ahoiit 5 per-cent, but Ls always on ilie tiiiine sidei, PHiiiielt- 
finds tliut in I/jndou the iinijMH'tiun of males is lowest in the (lOoreFL 
[jortioii, highest in the weallhiest, and intcriiKKllute in the iiiterine' 
fliate portion. The males jier lOU females were. tKispoctively, 

and 100 , i ; but he points oat tliat these dilFeivnocs are jiivilaihlv 
wholly explk'alde on the gruitrids of did’erejuial infant mortality, 
birth rate, and probably marriage rale, llinpe,* from statistics of 
orer 17,000 greyhounds, c:!Onelm]cs that whilst males are always rnn- 
shlerabjy in cxcessf (aveitiging 118.,^ to 100 females), the proportion 
ia notieeably Itigher hi the season during which fewest pups arc iMirn. 
In a later imle in the anmo wohimc (lo<j. cit., p. 201) Ilcafjc gives some 
curious dgiirea with regaivJ to canaries, allowing that in one aviary 
(out nf op 0 birds hatchet)) tlie ratio of males was nbntit 77 to 100 
females, while inanotlier (out of 08 hinls) the males were In the ratio 
of a53 to 100 females. Evidence is given that these difTerences are not 
Bscribable to niurtaJity; Ileape supposes that in laitb cases the pro£)or' 
titm of the .sexes is due to a selective action of condtiions on tlie ova 
which are matured. He assumes that ova lienr either itittleness or ftv 
malenes-s, and that imme fomis of enviromnetit favor the maturation 
of one kind, some of the other, Tlie .same esfphination is applicable to 
other cases hi which tho profiortiou appears to be influenced by e.tter- 
nul cirf'UtfisLtinCT;^- 

It appt^iin? Hieroff»r« llmt tlii^ hkn Ihflt Uiy praportion of the i>eses 
mny 1m? by t-oiidjtjoiis at'tin^r on the par tints is tint incon¬ 

sistent with I he hy[Hithe$is that the penn cells hear only ono or the 
nther sex. as long the primary ginnn cells do Tif>t nil i?t>nie to lun* 
tiiTity. This is thu case at in the females of Ihe liighur verte¬ 
brates; and it from them that the greatest amount of evidence in 
this din'clhin hus Wn ohtained. Hiissti* has n^tfritlv maintainerl 
that treatment with lecithin cjiusei^ an increast^ in the niiinlM'r of fe- 
Timle ova mutuix^d in the riibbit und LH?lievcA that he ran ilistingubli 
the male fn>in the female eggs in the ovary. Tie admits, however, that 
the famines in his tables are selK^tcnl am! it seems that the ditfemices 
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be observed between the two kinds of ejfgs were iirobiibly due to 
do^iierntive diRn;^'S in some. 

One of the first writers to iiiaiiiluin that llie ova bt^nr either male' 
ness or fentiileness was Beard,^ who siiggesled llrat i>ri{ETim1ly there 
hail also beoit two kinds of spcrmiitozoft, luit that one has disaf)' 
tieared in nio^t iiniiiuils, retnaiidng^ in a funelioidess condition in 
sneh (Hises os Palvdinfi and Pijijctra^ which give fisc to ihp two kinds. 
Ills jiJtiH'r ksoiiiewliat speculativet but thorn is a steadily uixiiiiiiilat' 
iiig iKxly of j>roof that tlie ses is Iri'evocaLdy dcoided at least fioin the 
luorneni of fertiliitatiaii. This Ix^licf is supportwl by ti iiitiiiljer of 
different facts. Il has long been known that in man ** identical 
twins* *' are always of thn same rex, i. e., that when twins are Imrit 
so like one another that tlniy are distiugiiLshed with rlilHcuItyj they 
are never of ditferent sexes; in thi?se cures the twitLs nre profhiced by 
the division of one lertilixed nviim and during fietal life are en- 
vclofwd in the same Tnemi)rinie.= Twins prxHiiicet! by the simultune' 
oils develojimenl of two ova are not more like each other than other 
hrotJiers and sisters, and nre fretiuently of different rexes. A similar 
but perhaps evrii more conclusive case is pmvided by tho pa raid tic 
Ilymenojitemiis instHits in whicli there is eiribiyonic fission. 8il* 
veslri * has investiguted two such insects, TJtommtix and AgemwsjHg. 
Ill each the flies lay their eggs in the eggs of other inrects, and at the 
close of segnirntation the embryonic cells become clustered into 
greitps, each of which produces a separate embr^'o. In /JtomtHtiag, 
the numtier of larvie so produced may be about 1,000; In Affeniagpia, 
10 to 20; blit if only one egjr be laid by the parasite in the egg of the 
iiost, all the flies which hatch are of the same aex, .Similar eases of 
emhiyonie fission in piirasitie Hymeiioptcni have been dereribed by 
Alurclial,^ wiUi the same results in respwt of sex. 

Another Tine of argument tending in the same direction is drawn 
from aniiiiuls which iiave more tiiim one kind of i?gg. in which eggs 
of one kind protUicO maiuit, th(«* of the other females. Some such 
t^asi^a iR'ciir among ptirtheiiog^-netic st>Ecies, e, g., the rotifer 
and P/tpUit^ni among inaceis; but in other animals botli kinds of 
eggg require fertilization, and the larger always yield' females, the 
smaller males. This has been shown to be tlie care in iJiHop/iilm 
by von Alalsen {loc. cit.), in the mite Pcdirulofma by Renter'' 
and is suspecteil by Montgomery in a spiiler," In these cases there 
can bo no question of modifying the sex by external eiiriiRistances 
after the egg is fully formed; but it might perhaps he iimiiitairied that 
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the very factof one kinti of ngg beiag^ larger and having mure j*oIk 
was the cause of it.s becilining a female. 

T’robalily llie most convincing proof tlmt the sex is irhivocably 
fletermined fivim the beginning of developnient is obtaineil from the 
stnd.v of cai?es in whicli tbo sama eggs may Iw either parlhciKigcnetic 
or fertiliy^ed. The best-kmiwn example is the liunoybee. in this in¬ 
sect, iia is well known, nn fertilized eggs yield males ami fertilized 
eggs females, cither (|neens or workers according to the treat me nt 
to ivhidi tlio larva ni ftnbJcTtctl. This statement has Sfvei n! tiiiusi 
I icon detiicd, but the facts arc dverwhelmiiigly in favor of its tnitli 
in ihe hive liee; and numerous other examples are now known among 
the Ilynicnoptcni. As examples, we may quote the work mentioned 
hIkivc by SiJveatri on Liforrwstttx and Af(xnimput, in wJueh tbe do* 
velopmentnl proresses arc pi'ccisely similar wliDiher the egg be fer- 
tiliwcl or not; but in the first liific females ure produced, in the sit:- 
oiid, males. Similarly Wasailicw '■ fotiiiil in the iianisitic Ilymenop- 
teran Tt'U'H&mm that nil eggs biid by virgin females Iwame mules, 
Avhilc those of fertilizes] females yielded iiboul ISO per cent of females^ 
It may l>c a.ssuHiud that the reiimining 20 jier «tii 1 received no spor- 
matozooT). In instances of tliis kind it is jicrfectly clear that the sex 
is delirntcty determined tit fertilization; but it ciiti not lie supposed 
that the egg fiears irrevorably one sex or the other tiefortf the entrance 
of the ajicniintozoon. As will Im seen liclow, it has been asNumcfl 
l>y some writers on the subject that the eggljefort' fertilization licars 
maiencss, and that the fcinalo clement is introilucett hv Uitf sper¬ 
matozoon : blit It is at least ronceiviiblo that the unmatnrcHl egg poten¬ 
tially liears butli sexes and tiiut the presence of tlie spermatozoon de¬ 
termines wlueh SDX'ilctcnniiiiuit shall liecome effective, 

Ilcfore leaving this part of the subject it should be noticed that 
there are u number of Iiymen(j|jtero which are uiiomalous in this 
respect. In ants and wasps workers sometimes lay eggs, said always 
to yield males,- «i falling into line with the bee- but lieichenbach* 
states that tbc workers of a apedcs of ant pmilured workers, excejjfc 
lit the time of year when males arc normally prt>dnrcd in the nests, 
when males nppeaivd. It is, of course, posnble that tliere wa.s err^tr 
of oWniiiinjiT' but tbere is no doubt that in tlie snwdiessomc speeitis 
produce male^ a few, mixed broods, .some only females from unfer¬ 
tilized eggs. The case of the comiinm rtltmi* is rcmarkiible; 

maltss an' usually yielded by rirgin eggs, but a .small proportion nf 
female (less than 1 per cent) is generally obtaine<l. These may (los- 
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iiibly be* intPCKluceii by iieciik“iit, sinoo the fipecies is so ubundnrtL Tho 
^vriter jil ont* tJiiie su|>po^il that then- t\^’o klnd^ of egjra. ontj 
iTf]Hiring fertiiideation and j'ielcling the other dei-eloping 

into males withotit Iwing feHilized. But niaro re<,it 5 iit experiments 
(miide with tlia help of ^Iri A, C. 'Fiitistalh and not yet suiTiciently 
exieEHive) do not support thiA idea. Out of two broods—one of rt3 
the other of 102—and 07 male pupio or adult larvw were 
rearH], which clearly indicates that the al>s™ce of females was not 
ransed hy their dying oil; for among the eggs of fertilised females at 
TiO per cent rorrtnionly yield femules^ It wai^ not p«issible in these 
experiments to hatch out tlie flies, but the ^ 17 ^ of the adult larvce or 
pupa' is an almost unfailing criterion of liic It seems prr>bable 
therefore that must bo placed in the mme category 

with the bee. TIjc galillies (Cynipi<lje) olfer jitioliier anoiiinlous in- 
stance^ for in lliem there are two generations 111 the yntr, one of 
which eonsistK of IwUh of which all tho eggs aix* ferti!i 7 jt^il uml 
yield a [uirtlicuogcnelic generation ct>tLHisling wholly of fcmah!s, 1'Jie 
eggs of the latter yield l>oth males and females, and the writer has 
shown llisit llae inale-proflucjug eggs undergo malunitioni the female- 
producing do not.* 

One more [wint must l>e mentioned here. Tn Ijees some hives pro¬ 
duce a largo pro]x>rtioii of gynarnlrnmorphic individuals^ which are 
irregutar mixtures or inusaics of mole and femide characters. Vnn 
SicbohP desi.TilM*il such a case, and found tliiit all the "^zwitter- 
bienen " were in w'^orker celLs^ the drones being nil pure. The hive was 
Iiyhrld fixuii Italian stock crossetl with bhick; the drones %Tcre of the 
Italian ly[ie. the workers iiuxcth Two possible explanations may be 
hazar/li-d: First, Ihut the egg which develops into u JO'niindromorph 
huis l)eguh segment, ond that the male proniicleus vonjugates with 
one of tho segmenting ouHei; or* secomlly, that the inule pronucleus 
conjiigutes with one (prolaibly the second) of the polar nuclei, and 
that Ijoth the Kvgmte iiiicleijs so produced and the feztialc proniicleus 
take part in the development. Of the-sc, the second b perhaps the 
iiiorc likely liypothc^i^^ 

It has been luentioued above that Beard was one of the lirst tn 
suggest (hat the genu cella l>par the determinant for one or the other 
ffexr it iiiTiiW remains to dii>;eiiss the evident^ which has since aociiniu- 
latnl in favor of that hypothesis. !t hai^ received support on several 
very distinct gtonnds. We may take, first, the cytologit^I results 
ivilh wliiidi the names of several American investigators are: chiefly 
associated, although much similar i.vork has lieen done in Germany, 
I'mnce* and elsewhere. I'o give an at all adequate account of thn 
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nunierous pjipors on pperniiit(igp.nesis an<l finjjjcjtesis* which hate led 
lo Hiu. Itypothesin: thiit llie ses fletci'iiiimml is a visible chroinoifome'’ 
like IvKly, would occupy more space than is available, so wo will take 
the work of E. H. ’Wilson as typli'ul.oltboiigh smiilat' phenorneiia lni<l 
licen already obfierred by Patdinler, McChinff, Mias .=?teveEia, and 
others Wilson,* working at a mimljer of genera of Hemipb-rouit 
imsecte, finds tJiat in the iinRxiiiced germ I'clls of the female tliere 
are always an even number of chromosomes, two of which (iiiio- 
chromosonies) are frequently di>ling«ishable from the remainder by 
their jvisse. In tlie tmilrs tliei'e Ls either nn iKld nnrnlH'r, owing to the 
absence of one iiliochmiioscime, or one idiochronmsome Idih llie siiie 
which it has in the feiriiilc, while the other is vesligTid, At the rc^ 
ilneing diviainii the number is hnU'eii: when IxHli idioclirtnijosomes 
are pirsimt they jiiiir together and la*comv separated into {lilTei'cnt 
dniighter-midei; wlien in ihe male theiv is onlv one. it pasiea Ui one 
end of the spindle aiiil the other is left wiilinut one. In ibis way it 
comes about liiat all the eggs apiM-ar alike as regards their chrnmo- 
-wme groups, but in the male fherc are two kind;f»of fi|x*rmLit 05 {ci(i, uii 
idiochwmosome U-ing pit^enl in tlie one half, but alisent or vestigial 
in the other half. Wilson was therefore le<l at first to suggest tliat 
the spennatoitoon determined the se,x. sperms with the *'iic'ccssory ” 
chromoswimi giving rise to females, those without it to males, Ijiter* 
he niwiified this liyfjtilhesis in favor of one which will allow the 
sex determinants to be regaiTded as Mendeliun characters, fematenoss 
licing doTuimint over maleness. The two tdioehroniosomcs in the 
female are rcgardtul as male Ik’arifig and remale Iwariiig, iT!5pe<tivelv'. 
so that some eggs after maturntion Iwar nialeness. others feinalene^ 
Tlic single idiochromosonic in the male is male liearirig. and there is 
supposed to tw selective fertilization: «o that a male-bearing spenit 
can conjugate only with « female-bt'iiriiig egg and a a|ienu licaring 
no sex deteraiinunt {uMochromosomc) witli ii mnie-Irearing egg. If 
rrinalcne.ss is domtmint. all fertilii«Hl eggs having two idiochromo' 
somes will become femulca, thnsi' having onlv one, males. It ia inter¬ 
esting that breeding cxiierimenis with I^phloptera. which will Ixj 
mention«l Im>Iow. IimI the present writer * to fonnnlatc im almost 
exactly siniilar hypothesis at almost tlie same time. Hut it will be 
seen that later experintents with moths suggest that u slightly differ- 
vnt cxpIjinaMon of the fn^ts is possible. 
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Thu efi.si?nc& of IVil^n^a hypothci$is is that the ses deteniumnls 
bchavo as Ifpndelian chamclet^, sj^gregnting frtim one another in 
gajiiutogeiiesb (sit tlie reduction division), that femaknes^ b dojiu- 
nnnt* Ltnd that there is selective fertilizationt so that a niale-bc^uriifig 
egg is fertilized by a feiniile-bearing speniiatnzwn. Suggestions 
elo^^itly similur to these put forxvard by Castle * on quite fUtTerent 
gmumls id IJKKJ, Castle collected a quantity of cvidenc?e from breed¬ 
ing exi>eriinentfi and fi-om ^liat b knoTf^n with regani to partheno- 
genetic reprwluctinn. lie si.ipiKised that every individual arbiog 
from a fertilized egg b heterozygotis (hybrid 1 iti re^^pect of sex, and 
that segregation takes place at the second miituration diristou, EtO 
that half the gametes liear nialene^;, half fcJnaienegL^. Makvbiiaring 
eggii conjugtite with feme!e-bearing sjiennatozoa and ™e versa; but 
ilominarn-e is alternative, so lliat roughly half develop into each sex. 
In most parthenogenetic animals only one |>olnr body b produced in 
eggs wliicii will not l>e fertilized: in these biases femnknesa b always 
supposed to dominate. Since wiUt fsidy one polar divbtion no tjcgre- 
gation takeis plaeCj the offspring are females. If in a parthenogenetic 
spi'cie^ two polar bodies ore produced the offspring are commonly 
iim]es« since iho femak detenu in ant b supjxised to lie eliminatcfl with 
the second polar nucleus. A further viilnabk siigge^ition was that 
tho male and femak ileteriiiifiaiits tniglit bi=! “ coupled Avith certain 
body clmracters. either invariably—so oxpkiidng aeximl dimor¬ 
phism—or fmjuently. by which explained the general association of 
one v^ariety with one sex, another with the other, in tlie offspring of 
certain cros^-s. U'ilsori has since - oliserved tx>iipliug of ordinary' 
with itliochromosoines^ which may l>e eounected with this plienoin- 
enon. 

Castle's suggestive paper stimulated much work on the maturu- 
lion of partbeiiogenetic species, but hb hypocheses do not always 
hold good. For exiimjjk, it b now known that parthenogenettcally 
proilucod males in the Aphides arise froin eggs which have onlv one 
niatiirution division; ^ sfune of bis explandtions of other cxccpiionul 
ca^s, althongfa ingeniou^^ will not now bear critiail cxaminatiDU. 
One of the most difficult k that of the hive liee aiul those insects re¬ 
sembling it, ill which all have two polar divisions and when 
fertilized yield females* when parthenogcnctic. males. Caslle i^up^ 
posptl that the femak detertniuaut is extnitkxl with tlie second polar 
nucleus, leaving the egg male tiearuig, and accejitcd the oliservations 
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of PetruiikevTitschy^ who niaintaiiLs that the teatiB of the drone m 
clerivcHl from the Ai.swl jioliir nuclei of the nnfertiJisccd egg. Since 
the ^k:ojh] pidar nucleus by hyxwtliesis cuntaltt^ the female lietemii- 
!ianh the^^f^e^TnatoKo^^ uiuy Ijc? femnic lieaiinland cause the fertiliM-d 
egg tu i>e female, liEit tliere is cnnsidomfile doubt as to the iiecuracy 
of ilie obscr^atioriH and in any cuswi' it can not Ix!!' a|>|jlieil tu soiiio 
ulheni; c. SiJvestri (sec above) finda thnt in UtoiiumtU llie poke 
nuclei nrv used up iii fonnitig the piotjectiiig iiLeuihruiie of ilw em¬ 
bryos, and yet the sex phenomena are jiini as in the An iiUerna- 
tiv 0 speculation may be offeml. It bs jjoSHible Unit while the reiiiab 
determine tit is extrudt^i in the virgin egg with the seeuiul [mjar 
tiucleiiH, this pi'esence of n sponnaioAOon in the egg may cause the male 
detenniiiimt to bediinitiuteih leaving the egg nucleus female Ix'siring,^ 
Thiij wnidd fall into line with the explanation suggested alnne of 
gyuandrtmiorphic Iwes—that in them Uic sivenu has conjugated with 
the second polar nucleus. 

It iicnv remains to describe wrork on the determination of sex which 
has led to similar conclusions to those suggestiul above, but arrivtxl 
at fi-om a different starting points CasUe suggested Lhat as sex is 
inherited as a ^reiideliau noitj it might at. times be ”coupled ” in ihe 
gamete with some tjtlier body elm racier. It has been found that 
something of thk kind actmiliy does take place in the ease of eerlain 
varieties which are inherited differently by the male smd female* As 
an inustratioii of tins we will take some ex|}erimerits made by tho 
w'luter, accounts of which have already Im-cii published, since ilie 
results in that case happen to he simpler tbun in some otJier iuMances 
w“hich have been worked out. 

lu tlie iroiimioii currant moth (*46riEj<uf ffro^^uluri^a} there Ls a 
rare and veiy distinct variety (“ laclicolor”-) found in the wild state 
almost e.xclusively in the female. Crossing experiments w’cre made 
between tbb variety and Lhu ty-pe form: the results wore as follows: 

(t J I^ietleolor 9 X ty|w ^ (pivo tjpe i, trpe 9 * 

(2) Heforfuyguua (ert»mied) tvpe 9 X boberdfTrjpoufl tjpe male gave 
type I, tyisj 9 1 laetlcalor S. 

iJiclieolar 9 X beteru^vg^us tnie o gave ^.Mctlcolcr 

|fxpe 9p Inctlcolor 9, 

f4> HeteTOifanas type 9 X lactlcoLor ^ ^ave tyije lactlcclor 9, 

fa) Laencolor 9 X lnctJeolor S l^ate Jacticolor A aad 9. 

(0) Wild typo 9 X lactjeolor i gave type laeUcolar 9* 

These tr^ulte at fir^t may Ecem hopelessly confusing, but there am 
several points of interest about them* Firstly, the lacticoior diiirac- 
ter liehaves as ti Mcnedlinn recessive* disappearing in the first ertoss 

* J5ool Jfchrta.H. fat 14, IbOl, and toJ. 17i IW)^. 

■ 1 And Ihmt this fnij(e«tlon hm* frten mad# ^Tttt t. it Mnrenar 

*DgaabaCifr mad HayucKh Frw. Ioq. Soc, tqL 1. ISfin a^d Doocaatar. a<pofia 

to Hoj+ Soc, Efnlntloa Commiti##, lol. 4. 1008, p. 53, 

oTffTs"—8M i&io— m 



4S2 t^iSTlTLfTlUM, mO* 

(No, J) and reappearing after mating (2)* S^ondiy^ starting witli 
a lactiailor female, il U jMstisibh- tii gvt males i^f ill at variety only in 
one way^ viz* by lailring Kiieh a female vittih a heiemzygoiis nmleT 
i. fc, a male which is tyiiieal in appeiifancej hut being of lactieolor 
parentage U‘ai^ tlie recessive lactieolor clmracten Ijirticohsr nialew 
are also prod tired from matitig laeticolor mules and femniles together 
(No. 5) ; blit from any oilier form of nnioii nil the lacticolor indi¬ 
viduals whicli enierge are females. A thirtl point of great inijaiptunre 
is that converse? cro^^ do not give similftr lesitlts. the most iinex- 
pectwl casi? of IhLs appearing in matings of types No. 1 and Xci, G. 
In the first, a ketieoinr female paimJ with a wild (pure) type male 
gives all the otTspring of l>i>th perfectly typical, ;i fjnito finjitial 
Mendelian result, since kclJrolnr h recessive to the type. But i( an 
apparently purc^ wild female is mated with it kcticolor mule, the 
male offspring are t>T>ic4ib but the female art all lactieolor—exactly 
the same resitlt in fart as when a first-cross female is uwl insttad 
of u wild one. 

In txplnining these phenomena in Un* first pji[>er this last result 
was not known; and it was siigge^ited (in accorJance with Casllc^s 
hypothesis) that the girm cells bore i^ue or the other h'x, that fer¬ 
tilization was stdcctive^ ,so that all individuaLi were heterozygous in 
rcfipaarf IhiiE in the eggn the lactimlnr character was 

con pied with the female sex determiTiant. Later Ihiteson and Piiii- 
nett* ofFeml a modified hypothesis, which is inirhapi njore in accord 
w ith the fiuns as known at present. They snggefet (1) that the sex 
detenniiiunts liehnve as Alendelian units^ femakness being nnifoniily 
dominant over maleness; (2) that fcmule indivldiiuls are heterozy¬ 
gous in res[)ect r?f sex. k4ng of the eonstittitioii ^ ^ and producing 
male-bearing and feiiiak^beariiig egg?^ in equal mimhers; males are 
tioraozygoiis in sex, of the c-ouHtitution d! i ^ sa tliat they pnahice 
only mak-Waring spermatozod;: (3) that there is repulsion in 
oogenesis lietweeti the doiuliiaiii deterininant for fcinnlene:^ and the 
dominant groi^su lariat a (ty|>e) detenninant, in coruaKiuence of which 
all nialc-bcftring eggs bear the tyfie, uU fernule-bearing eggs the 
lacti color rhararter. 

This suggest lull completely accounts for the facts and has since 
Wn greatly E5Ui>purteiJ by the discoveiy tiial ail feuialefv with the 
type (grnssularials) character are heterozygous and produce lactL 
color offspring when paired wuth a lactieolor male. This fact ct>ni- 
pels us to iiiis\ime that the lactieolor determinant is present in all 
females of the species and is only prevented from appearing because 
typica^l males bear normally only the type (grossulariata) chnraeterT 
whicli dominates over lactieolor. Tf. then^ the males arc homozygous 


»Sd^Dffl^ T&l 2T, lOaa, p, 7B3. 
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and llie f^nmlcs het«rcHn-^t>iJH in raspcct uf a chiiroctn- so tiiUniBUdy 
ivliilecl with sex, il stroiyriy jiTippoils tlie iileu tliui tlie sumo mnv Ijc 
the fust! with the sex (letcrniiiihiits tliemspivtsi. 

If this iiLstance stood olono it might sc^eni rash to found on it saieli 
11 fur reaehitjg theory of the nature of sex. Bid esuctly similar 
eusies have Ixen fouml elsewhere, llt^s I>iirhjiiii» has described 
almost idontjcal pheiionmna in ilic rase of pftiiaries of the CinmniuHi 
variety, which have j»inb ey<'s. A pinkniyed hen paired with it black- 
. eyed cock gives offspring which aie nil hlack-eyeti: but a black-eyed 
hen hy a pink-eyed cock gives males which ore ail blnck-eyed. and 
pink-eyed females, togetlier witli sometimes w amall proportion of 
hlnck-eyed females. Tliis occurrence of c^eeptiomr lojggesU some dm- 
tybing factor not prest-nt in Ibo mollLS. liateson,* and Pearl and 
Siirfu^,* have disoovercil similar eases in fowls, and Correns from 
experiments on plants iRryonh) has come to a similar conclusion,* 
except that be regards tbo male as heteroj^goua and the female 

C’onJirmnlory evidence may be diwwii f™n otJicr observatitma. 
One of these is the effects of cast rai ion. I a vertebrates castration of 
flic male may prevent t!ie appearance of tlm male secondary sexual 
charaders but docs not cimse the appearance of cbarncters prO|>er 
to the female. Keinoval or atrophy of tlie ovaiy, however, may bring 
about the dcvelopmejit of charaderg normal hi ihe mole. In the 
Cnistaeea liie opposite result is found." A femuJe whose omrics an? 
destroyed by a parasite has its secondaiy sexual characters reduced; 
ft male assumes more or less completely tlie characters of ihe female. 
And if thfl parasite dies and the hret recovers, the ovary of the 
female may again bn'onie functional; but in tlie male nmler such 
circutnstftnecs eggs may he pnaiuced in the tesOs. Geoffrey fimilh 
concludes from these observations and from others on the cfrripeilf^ 
that the female is bomoaygoiis in sex and the male lieterozygoijs. 
Tliero seems no a priori reason why this should not lie fniu in the 
case of the Crustacea and flowering plants, while the coiiverw k the 
case ill iiiotltis and 


I'D Bojr., ftfw. Er^^lut kip rnminlltM, toJ. IlKkH, p fJT 
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One of tiu* ]ioint,s of ililBciilty abont the theory thut one sox is 
liomossyiioiis n-iid tho otlior hetonKsygons in resptNi't of the sex deter- 
TiiiniiiLts is iliut it api)exire iii^*c>iisibtent with IVilsoiTs theory based on 
tile study of "‘ritii^x^hroniosooies*’^ But phenomena snrh ns he dc- 
r-sTiU'S have hanlly Iwen observed outside most orders of anil 

pikssibly A inch II ids. und are probtibly not of universal uvriirrence. 
And if alt indivulimLs of one isex ure hetcTOKyizoUH, llioM* of Ihe niher 
homozyfrous in it niay lie imagined that in the homozygous sex 
Iwo eex detenninants would ncH Ite necesisari"; one of I hern might 
l^eeomc vestigial, iis IVilson describes^ if at the same time sperniat™ia 
hearing such a vestigiat deternunant cTin only conjugate witli eggs of 
one kind. But it must lie admtUed that any siiggt^tion of seiiartive 
fertilization inl€^rfcn4ii with the extreme siinplkity of tJrie theon^ out¬ 
lined aUive:*^ 

The hyp<)thesjfi lieni dest-:ril>eil not only explains the cuses whieli 
led up to it and .meh facts as the effects of cast mi ion ^ bnt also uc- 
coimls for the phenonrena sexual dimorphism and tlie iidrenlntice 
of stjoic Structures by one sex only. But at preJ^Nit the uiore complex 
eases of sexual polymorphi-^-iu. sueli, for example, are known in the 
African butterflies of the genus Papilh. still irmain obscure. nllhoOgh 
it J 3 probable that when \va have more extensive records of breeding 
experiments, the^ia also will be found to fall into line. Aix<] it should 
lie explnined thsl some forms of sex-limited inheritance are of quite 
a differenl nattire— 1 ^ g., color blindness and the disease hsemophilia in 
man. In these dii^ses the abnonnal oondition is desninant In ono 
tsex (tnale) iind recessive in the other and may appear in the female 
if iKith panmb; are tainted. Possibly a combination of wime con¬ 
dition of tliis kind with se.x relationst s^it’h na we fitid in A, 

Iftriaffi and Ihe Cinnamon Canary, may iiUiirintely be found to ac¬ 
count for the complex sexual polymorphism found in the African 
Papilioa 

We have now i^ketched the principal lines of cvidenco which have 
been collected in recent years^ pointing to the conduaion that the 
pex determinant is present in the germ cell and is probably com¬ 
parable in nature with a Menddian unit. In a paper of this kind 
it k clearly out of place to attempt even to mention a tithe of the 
numerous hypothesis concerning sex which have been odvauced even in 

bfiA r^Qtl? t^1en.w, Tut 20. JSfll piar forwunl a awsatilM 

llotL, 'Till ItiJit Uitji Ld[tchrvmnioiii<i:w di> aot bear Elia itpivrulitAi 3 iA (oT ualctmA Cir r«- 
mal^jaeu u euchf bat Ibal acaa IdJoehniWiiMiiM; iu tha fcrtUlvrd ^anifw it ta d< 7 ^|bf» 
latb A nwle, two lata a h thal tbe aUTervim la rattwr qmmlltottTO than qOiill- 

tatlviL CAHtle iBdpnit, wal. SJar., UHMI, a&S) tmi tobfia up tbi* With (he fur- 
tbfr ■ufipnUen lhat whk^ *ofn«< vpoclet 41? ab WUk^ Id others the 

of OEM iJJoclLroiiiiMOHie iletantsIqM f#iiutj4fqc4n, ana HboeDCo E>f ■nj liJI&ciironto^iac- Cl 
All brlD4(i About miLleapam. H tbli liit ceoilUloA iHionld be fouua 10 ^Xlet Ip 4 b™™ 

j^rturuloHoro. M wovld tbfb fiU Into Alp^y^^mEPt- To thli coppoctloD IX IA of Id lore*! 
thAt CWI pqeh c> WUfcw Jrecrlbri liA^e beqa otarrtrf Lq mmK Df ttnf ehl<-f OfHeni of 
IflMctA Imt mil (o the Lepiaotaeix 
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vQTj modem times. Miiny of thcoi do not oonccm the |>oint at 
dGsliD^ Ds they do with possible factors which muy inDuenee Ihii 
sex of a giw-n individual; for we have tmn that, whatever the true 
nature of sex may be^ it ia conceivafaie that the proport ioti of germ 
cells bearing- one or the otiier sex which come to maturity itmy 
possibly be influenced by external conditionSp To do jitstice to what 
has been wTittcu on such subjects would require a book of consider¬ 
able size and in the present paper is impossibly Tlie object of 
this account w'lU Lave been fulfilled if it iudicates tlie direction in 
which recent work ia leading and if it makes it clear that the prob¬ 
abilities are overwhelmingly in favor of the idea that the determina¬ 
tion of sex b not cofisequent on the accidental pre]H>«ideranco of one 
or other of two nicely balanced tendencies, but is duo to fixed and iiii- 
alterable characters inhci'ent in the germ cells. 







THE RIGNIFICANCE OF THE Pin^SE HATE IX VEETE- 

BR.VTE ANIMALS/ 


liy FLOEIISftE TtuCHANA^, IK f?c% 

fJ^/ hoH^ioa. 


^\’e should exj>eML‘t tbe frequency with wliLdi n Keiir^. befits to lie 
fletenniiiofl by it« tnvrt properties—by its sJJset Hie structure 

of its fH*erSt Hie itiorgnnie Kuila in and uiiUMe the fibers, tem¬ 

perature^ its relation to tbe uervoiis s\’Stem, tuid it prubably is 
inimrillately determined by such tilings aa tliese. At present^ how¬ 
ever, we do not know the properties in wdiieK the hearts of allied 
animals^ lamtin^r with very liillei^nt frequencies^ ditfer from one an- 
ottier, find we are uot therefore in a position to point to the imme^ 
diiite deLeniiiiiiitg facLorsL All we kiiOw’ is that the properties^ w Imt- 
ever they are, w'hieli determine frequency iiave come to be such a^^ to 
enable Hie heart to serve the purposes of the animal to which it be¬ 
longs. It is proposed in this paper to attempt to ascertain whether 
we can find out some of the diiferent w'ays in which the heart serves 
tht'sie purposes^ and w hetlier or tu what extent ttltenition in fm[iieney 
of l>eat is one. To do this wo must first knrnv s^unetiling alKiut the 
different purposes far which the heart is required in different ani¬ 
mals. 

In the first place, the amount of driving work the heart hns to do 
vnrics a giKMl deal in I lie different craniate vertebrates and both with 
the structure and the habits of tlie animal. In fish, it has only 
to pump the blood as far as the gills, and it hus nut much to do even 
in effecting this^ as the passive dilatation of the gill capillaries with 
each inKpiratory men'ement of the bnccal cavity heljis the blood to get 
there (1).® Ill accordance with this small amount of work^ we find 
the heart to be of relatiinely small size in fisin Its weight in the 
common round fisli is on the avcnip} only O.Ot* per rent of the btHly 
wcjglit; in the notably inert fialfish it is even less, only about O.Ot 

I l^om a. IfMrhirv dc<liTi>rt'e tu Osficire Cnlir?rttt^ Sck-uliae CluS Oi 

t»-r, nrtjrlatwJ \ty fvPTi&Luf^fi, vltlk auilior'i adtim^P atwl from 

Skl^uce Limilub, No. il, Ja^, 1^10^ 

^fti™ DumtM^r^t rarer tu jl Hat ui ttaOwritfc* ffivra a1 Uhs co4 u( th* pjtprrr. 
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jK^r ami cif Uwly Tvtn^ht (2). Til biciii, on tl^^' ntlun- liaiicl, tlie 
lieiirt Jins n VPty liirgt? ^moiiiit of ivnrk tn do, t^|jc!<rinlly in the birds 
of pjiBsagt and tliCKjsp tliat sing. Accordinglv tln^y huvts ixdiitively 
uery large bcarLs—1 to 2 per evnt of the t)ody vveigJjt, »s ii rule (3), 
and sometimes^ as id tlie timisli and gidden oriole^ as mueli os about 
2A} j5ar ceDt+ The sisie of the lieart lias tlujs sii> fixed relaiion to the 
sizo of Ihe oniiiial tt^ TL-luch it belongsL Tlio licarl of ei pigeon, o. g., 
weighs 25 times as much us that of a ]ilaice of the same wciglit, and 
ia abemt G^|ual to that of o sEilnion 15 times ns heavy us the pigwm* A 
tbnisli Qiid a guinea pig of six or seven times iis weiglit have liearU 
of ultout equal 

Frequency of l^eutj if it lie in my way determined by the ab^lute 
s^ize of the hearts is certnioly no direct function of it It is tnie that 
We have reason to believe^ as we sliall presently that the pulse 
rate in the ttiriish is not very difTon'nt from what it iii known to 
in the guinea pig, hut it would also not bo verj^ diilereiit from wbat 
it is in I lie ridjbit* which bus a heart of over tAvice the size. We 
kiiow^ very little about wJiat the frequency is iu difl'ereiit iish ami for 
those ill whidi U has been luxrunilply determined and Btir- 

Ehe size of the lie:irt has noi Iteen asfrcrbiintHl, thouglk assuming 
the ridutivc size to be the same as in the other round fish* we sJiuuld 
exptM^^E it to be no larger than thal of a canary. In both tliese fLsIi 
the fji'c|iietjcy varies, in different individuals* l>ctwetui 10 jind 70 per 
minute at rooni tempomturc, and no de vat ion of temperature 
it Eo Lnyond per minute (1). whereas the heart of a CLiimiy may 
(T) iieat with a fretpieney of J^OOO prt>r minute. 

If the itniiiia! made smne demaiid on tlie heart for a definite vol- 
[imu of hloiHl in unit time, frttpiency of ta^at might b* expended to 
l^ear smite rektioii to llic relative size of the heart, t’lnly it w'oiild 
he diiTiriiU to discover stirli n relation iiid^>i^ in a gnuip of animuLi 
tiiiving the same cinmhuory arrangements some mpiired a quicker 
and others a slower drculatioti for some assignable reason. 

For the lower groiipH of craniate vertebrates (fish* dipnoi, amphib¬ 
ians* find reptiles) yve know very iHtle ns to the hpecial deinands 
made upon tlie heart* It has certainly moi^ work to do in umphih- 
inns and reptiles tlirm in fish, having to drive the blcKHl ail round the 
Imdy AvitluNit the help of the respirutory movements which set-tn to 
play SCI large a part in niainiaining the cirenbtion in fish (I). The 
rohith^e heart size is accordingly greater in amphibians and reptiles* 
111 tlie frog (/f* icmpot-arl^i) and in a iN^wodile the heart was found 
to be oboiit 0*J per cent of the bfMly' weight and to bo netirlv 0+S per 
cent in the common smake But we do not as yet know what the 

tissin^ take moht from the hlooci in these loAA'cr vertehratcii^ ive only' 
know for n wrtnin niimt^r of nf fish and ampliibiotis and for 

the eruwdiJe (C) dial they take verj^ little oxygen and that the rnte 
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srosincAXCE of I'CiiiE ieatk^—buciianax, 

nt wiiicli this nt least is siijipliei] is not likely to esuse dilliciiUy. 
Ncitlier has anjtliing' yet been nsi^eitainod about ditteruTiws in pul® 
nite in ditTereiit ifeticm of iiiuphibiHiiA nor in those of any of the tlif- 
ferenl oksses of re]5lilis; so that >re have not the ujuteriiil for decid- 
iiijir trlicther the fr«jtu'ncy with wliich the lieart beats Lins beeonie one 
of the fiietors itsed in natural selection. In the few speeiefs of am- 
phibinna and reptiles (B) for wlilcli—spornflicfllly"the frequency is 
known. It seerns to In; rnit veiy dilFerent fn'>ni what it is in fish—i. e,t 
von-iiifr (and varyiiijr in individuals of the &iin;e sjK'cies) between 
about aft and 80 per minute at ordinary room temperature. 

In birds and mammals the ease is differoni. We not only know 
that the tissues toke a great deal of oxygen from the blood, but that 
tliose of small anlnifils take much niorc than tJioae of large ones: and 
we can assign a reason. Birds and mnnniials are nbie to maintain 
a nearly consfuiit temperature whatever that of their surroundings 
may be. lliey are A/MTWwfAfmiV or (the temperature they inairitain 
kdng nstialiy Ingher tlian that of the environinent) wami-hhioded" 
aniiiiah.; they have in eonseciiienoe to {irothifre more heat than those 
jtniinals which inuiritain no constant tenij>HMiilure—^the 
?iuv or ''cold-blooded ” iinimais—and to try to previuu Inns of heat, 
1 0 prod lice heat the tnuscicfr^the chief lieat* forming organs uf ttie 
body—reqiiim oxygen, ntid they lake it from Llie blooil uccooling to 
their need, the nml Iwing greatest in those 8[jeeies or indivitliials iti 
which the lees of heat is greatt«4. The tnaximnm loss is of ctuirse in 
those niiirnnk in which the surface eijioscd to the envimnment is 
largest in proportion to tiie mass of the animal—i. c., the smaller the 
anitiifl] the more heat must it give oil, other things Iwing to a 

colder en\ironment. uiid to mainfaiti a conrtant body lempcmtnre the 
more heat must it produce and llie more oxygen must its tnnseles 
coiifluine. The heart, thereforp. I»ing asked to i^plciikh the supply, 
ninst, if it respimd, give out the larger relative volume of oxygen- 
contnining hlood in unit time the ranaller the animal, and it mi||,dit do 
® either by exinelling h larger nmount with each beat or by Increas¬ 
ing the frpijueriey of the beat. 

But by rcgidafing the volume of blooil supplied to the muscles in 
unit time, the heart can only regulate the rate of sujjply of oxv-'cn 
if tbs oxygen is present in a constant pci'centoge. This is the ca® In 
birds and manminls in which the UockI in the systemtir eirciilation 
Imvw the left ventricle of the heart with it.s htemoglobin saturated 
with oxygen, ft is not tlie cnao in the lower vertelmites, not even in 
€rt>coflil-e,s; tov liltliough ih^j^ likt^ birds and maminnls^ have tlie osy- 
gennted blood completely separated from the rest in the lieart. it be¬ 
comes niixeii with other blood in the dorsal aorta, and uiav liecomc 
BO eveu in the conns. In other reptiles facilities for the ailnii.xtiire of 
the hlood coming from the lungs with Idoixl coming from other parts 
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of llie body urc ijn-ulci’, sint'e it niuy linpiK'ii even in the Tentride. In 
Uic dipnoi miJ uniphibitiii'i, moreover, otiicr orpflns twsides the lungif 
luive respiralorv funt^tionSj ninl tlio blood from llie rest of the orgvins 
m the IxkIv nmy mii with osygciialed blood elsewliei'e ihun in the 
vciitride and the artcriid system. Where there is only one Jiuride. as 
in the dipnoi, mid blood of ull qualities enters the ventricle simulta- 
ncoiislr, the porcenlage of oxygen in ell the blood leiiving the veritri- 
c!e touat be viiriuhle. Whens tliere tire two iiurides. the one of which 
receives t«dy oxygenated hlo<K], as in aniphibiims and reptiles, ihia 
need not be the ciise, since the blood from the hings, by entering and 
leaving the vent ride after the rest, nniy remain very nearly saturated. 
But such blood is by speckl arrangement siippliwl to the head only, 
and the blowl to the limbs uiid other muscles is unsutnniteiL In all 
these dassf'SOf lower vertehrntes, tlienrfore, the heart itself could not 
regulate the rate of oxygen supply to meet ditferent demands by alter¬ 
ing either the volume ^veii out far beat or the fre!|ueiicy of the beat. 

In fish, on the other bawd, tliere is the possibility of regulating it, 
either bv altering the ftwiuency of llie respiratory muvciiients or by 
tilteriiig the v olume of blood es{Jelled in vadi lieaH lieat, since all the 


A B 

Ym. L—nhow khB lort of mIiCIto cif fb> o^ron to Ihe blLKMl-Tolurao tfi tlao 

43riitoDtl« flimi-fltloD. 

A, warn TcrtebirntP. ^ raplik; nod BrafihlliUuk 

bloorl whirli suppliesr the hiia lo paiL^q iirst tbraugli the respini- 
tary nrgaiiit, arid sso Ts-onld ei>ntH]n n cditstmil p^m^nlugo of 
even if its liscmogloblti did not iM-Hxim-e fully stitnruled. 

In fish* uuipluhiuiis^ und j^nuke^, the nttempt seems cMJcnsionully to 
tie umde to maintuin u temperiiture that of the eriviFuiiiuent 

(1(Sa)^ but in how fur it approaches to lieing eonstnnt we only know 
for two specimens of the Indian python (IBa)^ It would be intej^ 
efltinj;: to find otit whctlier in a species of Th}jfmn»^ the iKmito^ which 
may liuve uri Intmiul toinpemturc us niueh Eibove that of the environ- 
iTieiit as Elii^ pytlioii. it is more nearly constfliit. mid how far the de¬ 
mand for osygeu in the one nnd Injho othev varies hcjth with the ex¬ 
ternal temix^nitiu'e and with the siiw? of the iudividiiul; moreover, if 
it so varies, in what way tlie supply is regulated to meet the different 
demands. 

The difference ubtainiiig iietween the warm-hloodcd vertebrates on 
the one hand, and all the cold-blrKided except fish, on the other, with 
regard to the relation of the oxygen to the volume of the blixai in the 
Efys^temie cbciilation, is iUiLstrati'^l in figure 1. Ile^uhitlng the vol- 
ujue ntte would regulate the oxygen supply only with arrtiingctuent A. 
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With any oth«r arrangemerit, such as that in Bj the absolute ainoimt 
of osygeii supplied in unit tmie could be inereiiacd by iiicreusing the 
frequency of the beat, but it could noi in that way be regulated at all 
accurately to auil fipecial demands.^ 

^VLt(t is true of the cold'bloculed vet*tcl>riiles is true of the euibryo 
of the WBnii-bIc;)Oilfd animal in res^TCct of want of constant iMrceiitage 
of oxygen in the blood supply to the body its in so many other rc- 
s|jects. Althougli the blouti leaving tlic left ventricle is blood !>riiuglii 
straight from the respiratory organ of the cudiryo. the nllmitois, this 
sc-ricfi only to supply the head, tlic great aorta througli which it flows 
Iwing Joined, after having given off the rciisebi to the bead, by tbe 
ductus BoTitUi bringing blood {ibmugh wlmt is afterwurds the pul¬ 
monary artery) from tbe riglil ventricle, whicb has reta?ivct3 it from 
nil tbe organs nnd reserved all hut that fr»nii tlie respirutorv organs. 
Thus the pcrt'cntnge of oxygen, wbicli may have been coniiiant in the 
bbaHl leaving' the kfl ventricle. i$ no longer so by the time it reaches 
the body of the animal, and this must continue to l>c tbe case so long 
ag the ductus Boinlli remidiis (qx’u, which it does until the time of 
hatdiiug or birth. When It closes, the blood from tbe right ventricle, 
whicb would otherwise have gone alotig it, can only go to the lungs, 
and the channels from the lungs to the left auricle, the pulmonary 
veins, iHJcome ftmciionul with the lungs tJiemecIves, so that now blootl 
suturalExl with oxygen ejitera the left auricle from the respiratory 
organ of the adult, and (the septum between the two auTiclcs being 
mnv complete) paseg unaltered into the left ventricle, whence it ia 
driven to supply not only the head, but now also the bfaiy. It would 
Ik‘ interesting to know wlietlicr in tho young guinea pig and chick, 
which are able to regulate their tempera lure us soon as they conus 
into the w'orld, the ductus liotalli closes oirlier than it dues, e. in 
young mice, ratg, and pigeons, w'llicli cau only regulate tlieir tempera 
tiire very imperfectly when lK>rii ur hatcUed. and take » week or more 
to develop this power. Tl would help ug to find out ivliether, or to 
wimt e.\teiit, the want of i>ower to regulate teiiijieratim' de|ierul 3 ut»n 
the fad that any iittenipt of tlie heart to adapt itself to nu’et special 

* SlDM iblfl (inptr Wrut to prcM, ham a iH>rt«4 dC ikrtitirm la IhE StKAbd. 

t irniUl la WUHK otlui-r niliajCK, it lir mUawu ttial a Mfibod etf 

rr^rulatihff ttn' oxjj{i*n nv^^lr Ihe twdj Mill In itiilllM itid aiutthlhUitiiiL Th|ji 
Ln ailjEuUlnjr IJm nlative Talititji'ot iif blood ip tbe piiluitnuirjr itt.i fjmUmh; nrehe* 
bj iJEi^niLlua of tviillttatiilr Sn tbe jiliEmopaiy artiTlcn, thl# Liclnjj bf ruliiLfucui 

iR tbe tmm &f tltelr YMO-EODiitcIctar penfHi, Tima, mlAl^ thr firurwi p^r ItMt drlTHi lnlr> 
the cirnilalloa k*i l& Toluitna tl»o mort. the tLeatMH 

m MStfRiirt haHl.m hffMjm- i not oidj relatj^rlr, IpqI BtitwlLiEtiy, In n^ifRHiHiorQcr M 

th 0 IDCFHM la Ibe rolTims j^olii,; mr tHjBt tikiuutfb lha lutiiJii, whltrti tmtarallT luvoim R 
abiiotutc abftoqiltoR of oxi^sep. .Vtltaoai^ti a coareqlfruE cf dll- 

foreucu uX TtfijQlreraonl ta iIil' ladiTl4ui]* IL U hoi uao Uuil wg-tlJd IcriJ itaoW to 

Efli^llHi.* p^rmnneax ^llTerepetc^ii of 0x7^^ rf^QlftiD^^aiH rlEtl thiwr Ojtlat Id the ifltr^rent 
iip«l» ar n*ptl]«, aptl imiptiililaipk iu itwr wrj tint AElrmtlan uf rolUBIo nte benefit 
iLMrlt Ju bint* ud tiinmianln 
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demands made upoti il for oxygeiu potent iuHy or iicLimlly^ (*ould meet 
\vitti only smcltss, 

Lrffi tt$ DOW see in hcov fur tlie lieArts uf birds and manitniils^ luieiiilj 
the p{jwer to re^ilatc Uie oxygen supply by n?jruktiii|T lUe volume 
of blood expelled in utiii time, succeed in doing so when it is askinl 
of theiiL As ft meustiro of tlie mto iit wlucb oxygen is consumed iti 
the ilitTennat miiuials wo nmy Ijito eitber llie oxygen ituftko or the 
etirboo'dioxide output of ft unit of weight in unit tituo, tis the two 
tilings run roughly pumllel. In the two following tiible? the eftrljon- 
dioxide output b given be<i;mst^ it bftii|iens to be known for a larger 
number of species than tlie oxygen inluke. The iiimliters are for the 
most pftrt taken from the table in Pembrey^s ftrtide on Chcmistiy 
of Re^piration ** in Schafer’s Textbook of Physiology and re|j|*eiieiit 
the uverage in round numbers when seveml results are I here given 
by diffeix^nt obseners. Thosje for birds whicb are not to l^e found 
Lhere iLra determ in iitions kb idly made for me by iir. G+ DotigliiSj 
fellow of Si* John’s College, OxfonL' The pulse rates of nil Ibo 
birds and of tlie smaller mumriials have been deteruilued by myself 
in a lufttmer to be di^seribed inlineJiately ^ tliose of the larger main- 
niab have t 4 iken on textlKiok uutborky w hen none other was 
available. As ft mensure of tlio A ohiine of bluotl exptdled |HT beul the 
Weight of the lieail in jiercentftge of the laidy W’etghl Inis been tiikeii. 
This hfts biTfi detenabied fora large number of birds by Parrot (3)^ 
but imfortniiately not for many of wlikb the piilso rates are known. 
For most of thesej as w'dl as for the mouse^ I have determined it 
mytielf. For mont of the other mummak mentioned it lias been de- 
termintKl by Bergmunn (8). but Uie ixisults of his observations are 
i-efemui to. togi^ther w ith some more determinutions of ids own uiul 
thote of ft few other p^opk for other niutunialji, by Joseph (UK 
I'nforiuiiately the number of individmils from wbicli tin? ''average,’* 
either of pulse nitc or of relative heail iveigbU is taken was iisunlly 
small and sometimes (in all tlic cases marked with an asterisk} the 
data WTre only ascertained from u single individioil of a species; as 
we know that in other species there b a gooil di^ul of Individual valua¬ 
tion, the numbeni given in these eolsmiiis may not hcreufter lie found 
to be the correct averages, Tliey probably am so, lioweverj in the 
vase of man and mljliit^ in wdiich they have ulrt^ady licon ascer¬ 
tained fn>m large numbers of individtials. It is, of iviursc, highly 
dej^irabie tiial tiio correal average slioiild 1 h' known for weiy case, 
hut it is dinicidt to get piHiple to make largo eollectious of facts, and 
it b del>atable in bow fur tlieir doing so b a thing to be encouraged, 
^ Jong as the interest attftdiing to them is not- in evidcn!f5&- The fol- 

1 Far *ach t5lT4 Iw iWIrtinluta aIh tlie a^XK^ IbEp Mum fwr Iftp ^mnmry 

Kud f^ir the iinw' d4Ck UA* nnii j^i bwa [mt lan r^-mrO, ihlm wcul-un mny Iw UamI fetf 
RtittRi; tbRl ll WM fmand lo be lO.IW aM 1,45* erAm ppr klJo pff hour, rrRftmflliftfljr, for 
H» two tilnli. Th«* riDBlTT “will TTDnrfciiblx qT3l*t »Xl ite Ump ft w«i under ^iNemlloiL 



SIGNIFICAXCE OF PD'IJSE RATE—BtrOHAXAT:, 


493 


Iow)i]|T tablodj if they serve ijo oUn^? purpose, nt ioast iiidicnte tin; 
sort of vhIii* which would nttadi to it large collection of these par¬ 
ticular fiicte. 
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TIh*: iiible for birtUt showjfi iis at Ji i^lnnofi that, roiiglily, the RmiilleF 
thu bird, diid tlurix^furc ihr greiiter the surface relatively to the 
the larger is the luiiourd of oxygen consumed^ or, rat her ^ of carlwn- 
dioxicle given off, hy a unit of weight in unit time, if the rate of 
supply of oxygen to tim tijssiies h gix^ntest, as it ought to be^ iu 
those in wJiieh the oxidation processes take place most rapidly, ive 
should expect the pulse rates to vary directly with what we take 
as a meuii^ure i>t these process^ so long the relative volume of 
blood expelled wdtJi each beat U the same. Since the relative heart 
si350 varies^ we should expect to find a reciprocal relation between 
pulse rale and relative heart sJi!e dependent upon the rate at wduch 
oxidation processes occur. \^^vcre we have tbeso data^ or a meagre 
of thesTij the table shows ng that this is the case. Thus, ooraparing 
the pigsxjji and the sparrow^ and knowing the pulse rate of the pigeon^ 

. 185X1^.2 

we should expect that or the sparrow to be —-—6P3 in con- 

693X1 5 

sidcmlion of the different metabolisius, but to be —=770 

per niinutc In Mnsideration also of the different relative weights 
of the lifttrb!: and this is what it is in some sparrows, though it is 
lower than what wag found to lie the average for four sparrows. 
Again, the hen, which compared with the sparrow, would be ex- 

SOOXl 5 

pected to have a pulse rate of —per minute in virtue 
of its size and its metabollsjn alone, would be expected to have 
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08 4vl 8G * 

one of 040* =310^ conidfleriii^t ulstt Hit' ^.mnll s^bcG uf its hiMiri. 

If we were to take tlio earlioii-ciioxide output of the tlirusli beings 
Its from the of Uift bird il b likely lo be^ nbcmt 10 grariia per 
kilo \mT hour we E^biuild have expected pulae rate by eomparisou 
with that of die ypam^w to have Iseen about 060 pi^r tuiniite were it 
not for tbo large Pj3ie of its heart, whirli toakea ua expect instcacl one 
of only per miTinte* From what ia known nf the metalailUni of 
the goose, we should expert its pulse rsitc to I>e alwpilt 144 per luinute 
when it is in good condition; wo should expect tliat of the wild dndc 
to be not much inoixi tliLtn lialf tbat of Hie tame, allowing for lU car- 
lH>n-dioxide output ptT kilo per lioiir being, on account of its sjnaller 
aisse, somewhat le^ than wbal ilr. Dougins found it to be in the 
tame duck of which the piibe rate wa^ recorded,^ ^iinall hearts and 
corrifiipoiidingly quick pohes seenu therefore, to ln^ more character’- 
istic of tame birds ibtui of wild, a suiiject to wbidi w'c shall have to 
returiu 
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In the table tor mammals a column has lieen added giving the 
pub^e rate* which, taking l>otU carlxin-dioxlde output and relative 
heart weight into coiiaideration, we should expect the nniinoJ to 
httve compared with man. ^inn has been chosen as the standard 
because so mariT more olKscrvntions have been made on him that the 
averages are more Jikdy to be conret than tlioso for the others* wdth 
the exception perhaps of the rabluL Of coui^, somewhat different 
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fix^qtn^nclcs wnuhl be to l>e t*:specte4 bud %ve chosen for cruiipurisori 
^mtfd oUier iiuinuil. If, c. we lisid tnkeii ihe i^ektlon of the moi^se 
to the or mbbU we should hnva expected its pulse rsitc to be 
only iibfiut 5fK) or 4S)0, respectively, jjer oihiute, which is lower thaii 
the ii^'era^ found for six mice. 
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rabbit 

1«2 

a 

3CIS* 

0.70 

■ii 

IM 


Considering tlmt the rate of formntion of carbon-iiioxide. the 
lelntire Iieu-Tt size nnd the frctiueney of Ijcat, luive In the case of 
iiciirlv nil the species^ l>ccri delcrmined by Independent tdiservcrs. It 
is really i^lher remurkahlo how closely the obTiervetJ and espcctetl 
fmiueiicies agree. Only in die rnbhjt and ox ^ is tlie observed fre- 
f|moicy ct^ii^iiderably (over 30 per (leiit) lower than Wiis tn lie expected 
fmiii that of man. It Ls probably nho about 25 cent lower in 
the pig, though we have not yet the ilata for knowing wliai to exi5cct 
for the pig, A higiier hccmoglobin percentage iu tlie blood would 
c^imprnsabs for what si^nis to be otherw ise tcK> slow it blood supply 
I Cl euab!i« the oxygen loss to lie made goody but altliougli we know 
this i^ieni'eiitnge to Ik^ higlier in Qie ox than in nitm, it is in the rabbit 
a good deal lower than in mam Since in the rabl>it ut any rate the 
average's are likely to be correct^ wc have probably still to seek for 
some other factor which enables the fmpply of oxygen to meet the 
demuiici. But it must bo rvineiuliered that the relative heart weightis 
may nut run hirictly parallel with I he volumes of blood exiR-dled at 
each syst4de in the ilifferent eputdes. Unfortunately wc i\o not know* 
and it would tie didirult during life to a^^rtiMn what that volnnie 
is for any heart; we have had ihet^fure to tako Uie only available 
data w'hivJi were at lUI likely to be a [ijeasiirc!i uf it, 

None of the JxiarnmaLi referred to have pulse rates appreciably 
liigher than those to be expected by comparkun w ith in an. All binis, 
however, so far as w^e know, have higher frequencies than miglit be 
exjiected when compared with mammals^ thus, taking man again os 
the standard, that for the sparrow would be only 618 instead of 800 
per luinnte. 

CurtHaa^lOXiiQv ejutput* E*uitfi pulir- weifliL PaS.w nUf. 

S^parmw 12^ ^ 14^ ^ ^l| 

man 0.6 "* 70 * 1,3ft "" 14^ 


* If thp ai End tlln tminat rrllLtl’re hnirt wdirbl tlt«' haM th# pulse 

rnti* ia Iw especl^M] bj comp&rinD with roae WPtJfd \» nlm^Hit preeliwTj- ll tetiwllr 

Ij* !□ Ibe 
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The [ijfiiioglobiTi perceJildge d0c^ Jififc appear to liave been deLer- 
Diinerl in the bliMxl of birdSj l>nt. in view of the greater size of the 
red blood cwpMSidrs of bird a its compared with tito^^r of nutiimmla 
we might expect it tcj be lowerp On the ntlier Inincb the fact that the 
eonsuTupiTtiii of oxvgen and fcMdh relative heart weight and pnlisc 
freqiienev are higher in n bird than in n nmriimal of the same ^^ixe 
(e. in the Hparro^v Uifm in the moiiso^ in the pigeon than in ihe 
guinea pig) nmy have some bearing on tlie fart that liinhs maintain 
a tiigher constant, temperature ihim niainmals. 

Ill tills conmi'tiriii Jt is interrsliug to note dint in the lowest mam- 
inaK the moru>triniit^, and nlso iti the mutsnpisils, in whidi u lower 
both’ teiiifienitiirr Ift innintainerb the hnat pmdiieetb ws lueupiired by 
the earboTi-tlioxide oiitpiif per kihi per honr^ is much le?^ than in 
so-eallecl phicimtal mnniTiiala of the same size (19)^ A\e know iinlh- 
iug at prest^nl alxiut relative heart size or pulse mte in the^ia iinimals. 
But sinew the memotremes regulate iheir teTupenitui^ by the prciduc- 
tioii of ijioi-r heut wlwri reqiiin-d {1 e.j in cold siirromidiiif^) iustratl 
of by always prpdncing ii large amount and getting rid of the excess 
when iiecesHsir^' as the Inrgi'r at any rate of the higlier mamn^als do^ 
we shouhl the pulse rate in them to vary* a goixl deab and 

inverselv^ with the esternal tempi.^riitiire. The marsupials* utilizing 
also variations in pf heat, although to n less extent than plncentiil 
mamiuali^ of the same size, seem to reguhite their l>ody temperatniv 
extremely well. f>f the two mormb^me^ still living* Oniithorht/ucfLH 
succeeds in doing so quite as well as some of the placental tnammalHi 
and although it fails, makes the attempt for the grcjiter 

part of the vear, the oxi^gen conanmption m the individuab at any 
given external tempi*mtnre^ seeming to some extent to vary inversely 
with the size according to the determiiuilinns made by T>r, Martin 
of the rarboD-dioxide output per unit, weight, and time in three 
individuals {10). Those placental mammala which do not regulate 
tbeir tempemtiiro the whole year round do not succeed much tetter 
than £chid 7 }a when they mnJee the attemptj (specially on first awak¬ 
ing from hibernation. In some of them the temperature seems to 
remain lower than m other placantal mammals^ The rectal tem¬ 
perature of a teb for instance, may be only 30^ C. when It ia wide 
awake and active (16). The low temperature in auch ca^ seems 
again to be due to tlie production of beat being small In comparison 
with other mamruab of the sumo size. Thu& in an active bat weigh¬ 
ing about SJO grams, the corten-dioxid© output per kilo per hour 
was found tn be only about 4-5 grams, and Umrefore ucmsiderably 
less than in a mousie. If wa may take this as n measure of the 
demand for oxygen in on active bat, the heart need not beat with a 
frequency of more than 250 per minute to supply the demands seeing 
that the heart of the but* a$ wc happen to know from two independent 
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sourres (3) vLiid weighs m miidi fis 1^2 i>er ctjit of i1h“ IkkIj 

weight, and hi liierefoi'e relatively larger tlian that of the iuouse« A 
very HinaII dorniouso on the other hfuidj in which the carbon'dioxide 
output tnxiy l>e as much as 20.4 graais t^er kilo per hour when awake 
(IG)* we shouki expect to have a pulse nite of over IfiOO per minute* 
eieii if it has as large a heart, (relatively) m the hat.^ IL may have 
a pulse mite as slow as 1C or 14 per minute when hibernating (IGa). 

rk'fore going further a few words should Iw aoitl about the method 
of iiacertamiug the frequency of the lK?at in small wnrui-blmMleJ 
nninml!;. It would he ilithcult to count n fmjurncy of over 300 a 
minute, or to recoj'd tiny medianiral movements of the heart when 
they arc so rapid, in the living hitaet animak We c^u, lioweverT 
make use of the fuel. Ilie meaning of which is not yet sufficiently un¬ 
derstood (o) ami (r^H, that the electrical changes occompanying all 
tuiiseular nctlvily, and therefore tliat of the heart,, produce in the case 
of hearts of ninnitnals, birds, and certain if not all ix^pt Vies, two electric 
lieUls, the one of which jiervades the anterior, the other the [losterior 
part of the bod}\ In order In record the rate at which the field.^ 
api>enr and disappear, we s?elect some spot in each, e^ g., the tiiouth 
and one of the hind legs* a ml with scsuie good coiid actor of elec¬ 
tricity {such ns w(H)l or thread sooked in salt water) connect each 
with Li basin of j^alf. w^ater, th<«» in their turn being conneeteti with 
tho teraiiiials of an iiistnimcrit sensitive cnougli to record such 
siiiadl diffcivncea of potential as come into existence lietween the two 
fie Ids. Such an instrimieni is the capillary' electrometer reitrestmtiHl 
diagramniatically in figun^ i% which shows a bird ready to tiave its 
pulse mlG recorded. Tlie instrument con^lsiii ci^seutially of a fine 
glass tuU^ drawn out so as to be only a few thous^mchli^ of a milll- 
meter in diameter ns^ar tlie tij^, lilled with merciiry^ The open 
end of the ciiplllery tip dijis into dilute stilphuric acid which enters 
So far as the uiercurj^ pertuit^, the lube Iwing very slightly conical 
so as jui>t to prevent the mercury nitilling out however near it be 
to the tip* The properti^ of the instnmieiit are hucIi that if the 
mercury becomes (galvanometricuUy) positivo to the arid it moves 
toward Jt, if iiegutive it moves in the opjxisite direct inn. Since the 
one tielil always ctuiies into e^if;tetice before the othei', evoii though 
it may l>o by no more than a thousandth of a secorak there h always 
tt quick movement of the mercur>' in one direi^tion while the single 
field exists. There may be other movements, but these first quick 

* yoir In JStl .—rnitiBHjorally cuad? tbe natlLor ibawed ttwt 4 % 

«>rdiDMrjr jOsrA dutmanm hfci ■. mio of iMH> to Tce wUm bcmI wnnu bwiI u 

tan ft irlilcll U dtamit L2 P<?r wot of ttue body Wclitt; a 1» tbil Ihm tratjw^ ntfl of 

M thAt wtanDi BWBtae in Ttrj In V>-Cj louill form Sammu^ pipUirrUi** uoir 

Bboat -CK>. now Hbout aoo ei now Boniv^tblnn; iwrvi^p, frbU^ Id tt]o fnrvo 

/'Innriij fiurftir«p n vE^LniFa WeLirhlim 0.4 ^n.m*r taftd 4i rmU? VAf^rlna frotal "UW Id* 

EH)0 i. toLaulf I pee ehfiJol. XIAt. IB^ 1011 

11110 - 32 



498 AliNUAl, REFOBT tjJOTHSONlAU 1 X0T1TUT1 OK^ 101€. 

onefl, each the precursor of a ventricular systole, are easiist to mimt 
when recorded. To record tlie mnvcmetits the image of the tip of 
the tube is magnified aomo three hundred limes, and the boundarx 



iwtwcfii iiicroiiry and acid ia photogrnp1i(Kl on a moving plate on 
which ia slmultancoiLdy projected tlie shadow of one end of n tiin- 
ting fork vibrating at a known rate, so that the aiwed of tlio plate 



Pfo. m - ipaidniieb. 

may be gauged. Figure S la two Jweonds’ wortU of a record taken 
with n goldfineh arranged in the way siiown diagrammatiLTilly in 
figure 2, Tlie tracing of a timing fork vibrating one hundred tinie? 
a second b seen above^ and a thick and a tliiti horivxmtal Hne which 
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do not In^re mncprii ih^. widto 1 m4ow is Hip ctcid and tliP black 
tUe niprttiiy- The record t*e-ads from rip^lU to loft. It ttiU be seen 
tliat the acid mo veil toward tin? mercury at re^ilar intervals* Tliese 
can l>p counted; in this particular pluitngmpli 801 of them occur in 
the two sef'onds, indicating ihn{ the heiirt was Ideating at the rate of 
nine liundri^l and fifteen times per minute. 

T'^ntil this method was introdnccwl the frequencies of l>eat in smuti 
warni-hhauicfl animals were not airtuolly known. Their order had^ 
liowevcr, alreudi^ l.icen inferrwl by Dr. Tlahlane from the known 
quick rule of ixjnsamption of oxygen. Tlic meUioil he intfodumi 
some 14 ago of dpt€?ctjng ilie presence of carlKjn innnoxide in 

minos^ whicli has been the mearif^ of averting majiv disasters^ depends 
pssentJally iiprm the fact tlial the more rapirl tfie ciit^ulatidn U 
through the hingSt the moi-e quickly is an uniTiial iifectcil hy poiji&n- 
oua gasfci alisorlH^d from the nlntospherc and the more qnickly does 
it recover Jn air free fri>m such gases. Since carlwm-monoxide, which 
is fnr more dangerous to life than any of tho other gnses which are 
forined when oxplogions or fii*es occur in mines?^ neiiher affects the 
sense organs nor produces pniii^ uiinere may remain unaware of itri 
exiKtejice and j^o do notliing to avoid it, until tliry suddenly succumb. 
Hail they only willi them it mouse nr a imiall bird in a rage, fonning 
as much a part of llieir I'quipnxent as a t^afely lamp, lliey wnuld have 
suflicient time to fmni n place which is dangeretis, hy leaving 

asKvoii iLS the animal showed symptoms* long before they themselves 
had iibtiorbed a sufficient quantity to lie incapncitiitLHl. Tf they are 
quick, the animal wil! live to aid them in finding a safe place of 
retreat. As il takes 14 to lo tlnies ns long when at rest and T to S 
timt>s as long when at work, fur n man to be diaaliled as for a moiL^, 
the miner* even if working, would have one or two hmirii for escape 
with such pcrcentHges of earlKiji-inonoxide in the nir as imuidly occur 
in mines (11). 

Tlie frcqiiency of lieiit. as we have hns not Iwcmiie adapted 
by itself to regiihite the supply of oxygen to tlie dcmandM of th^ 
diffeieiit w'arni-blooded animnls+ but other factors also plav their 
pnit- IVe have fthown that of these the principal one is the volume 
of blood exiielled per heat. We have now- to itiffuire what Hignifi- 
eance is to be attached to the fact that now the one and now the other 
of the two riinin regulating factors plays the mare important part 

Parrofa observations on the relati^'e heart weights of over fiO dif¬ 
ferent species of hints and those nthcr?^ of birds and mamrnnls re¬ 
ferred to in our tables show that the relatively large heart is found 
in the mor^* active animals. This is so not only in warm-blooded 
animals, but also, as we have already noticcrh in fish* flatfish having 
a reJativo lieiirt weight less than half that of more iictive fish. It is 
probably also Iho case in nniphiblans and reptiles, althougli we have 
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not ycl liie doteniiming data: for, however small llic denisind for 
oxygen, all animals when active mnaV eonsumc more than wlicji at 
rest and those Uiat are habitually active must have some means of 
obtaining more, iloreover, since a large heart works more eco¬ 
nomically than a small one, in tlail it spends less of its titue in over¬ 
coming inertia, it would for that reason also be favored when much 
woik has to l*c done. The range of variation in relative heart size 
is fairly large in nil species in which it has been determined in scy- 
eral spreinieim, but more so in some species than in others, Tims in 
four speirioiens of the golden oriole it varied K-tweeu 1,8 ami 2.(5 per 
cent, while in seven of the curlew wtidpiper it varied only between 
l.a and 2.0 per cent. In man, aoeording to the determinations made 
by Uei'gmann from 30 people in W'hom dealii was aecidental, llie 
variation may lie from 0.43 to 0.Ti> per cent, Sliiller (2a> dealing 
not with the weight of the whole heart, but only with that of the 
miiseidatiire. in percentage of body weight, in a large number of 
individuals who liad died of different diseases, shows liy his tahte 
that in abfjut 8fJO people dying between the ages of 30 and fiO, this 
varied from 0,2«5 to 0.89 per cent, and fiirtlier that the percentage 
weights of this musculature did not vaty symmetrically almiit a 
mean, but asyiiimetrieolly nbottt a mode {i. e„ Uic jieiTentiige weight 
of the greatest nuralier), and in such fashion that the morle (0.49 to 
0.,j0 per cent) was nearer to the relatively small hearts than to the 
large ones, suggKitiiig that the hg,irt in mtui is becoming relatively 
smaller. The suggestion that man’s ancestors were larger heartetl 
Lh [jerhaps supported by tlio fact that in infants the modal ratio is 
about 0.t5 iwr cent and even in children from 4 weeks to 3 years of age 
it is further in the direction of the large heart than in the adult, 
being about 0.53 per cent. But we have to be careful in drawing 
such inferencffi from dam which can not be deiennined in the living, 
since we do not know in how far the heart ratio affects the death rate, 
a (mint which Muller, who interprets his tables in a way very dif¬ 
ferent from that wiiich is here suggested, seems to neglect. How¬ 
ever this may be, we have ample evidence that in man as in other 
mammals, iti Inrds, and so far as we know also in the lower verte- 
bmtes. the material is there to be selected from should it for any 
ren-soti liecome advantageous for a species to alter its heart ratio in 
the future as it has probably done in the (Mst, With regard to the 
past, it seems probable that such variations were used as material for 
selection liefore they liecame correlated with fmiuency of beat and 
that it was wiU» the sLec of tlie heart more or less already detcr- 
minal that this frequency, which is also known to be variable in indi¬ 
viduals, began to be used when it began to be advantageous to l>e 
independent of extemnl temperature, owing perhaps to a change 
from an equable to a variable climate. In the present state of our 
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knowledge it is difficult to point to any advantage wLicL migld accrue 
to any specieis of poikJlothennic vertebrate finm Laving a particalar 
pul&e rate, nor apparently is the variation in diiferent specks greater 
than that in individuals in this respect. 

When frequency came to be coritilated with relative heart size 
for ilie regulation of the nUe of cjsygen supply to the heat-forming 
tbssuea, I he slow’ pulse would tell as an advantage as well aa the large 
heart in animals having to make gi'eat susUine<l effort; for a slow' 
pulse as comparted wiili a quick one means longer diastoles more than 
longer ^stolesj the sj'stole requiring to be very little longer ^^tpel 
a innch iaiger quantity'' of blood, since, in contracting, the walls {the 
surface) of the ventricles decrease witli the square, tlje contents witli 
the cube. The longer the diastole the more time has the heart to 
recuperate between the licals when the animal is at rest and the 
greater power has it in time of need of increasing the oxygen supply 
to the tissues by increasing the frequency of the beat. The pulise rate 
of the rabbit only goes up to an average of ^24 per minute after a 
few minnte^s’ chasing about or after section of tbo vagi lll)> thus in- 
creasing the oxygen supply by one and a half times at the most; that 
of tlie liare goes up under similar circi-iinstiinces to 2(>i per minute 
(12), ^ that if the same amount of blood were expelled in each 
systole as wheii the animal was at rest the oxygen supply might be 
increased as much as four and a bo If linm. Alac^Villiam, drawing 
attention to the connection between slow pulse and staying power, 
remarks (12) with regard to these particular closely allied [mlmab, 
that the rabbit b able to run short distances with great rapidity, 
but not to traverse long distances without intertnbaion“lhk bring 
no doubt in relation to the fact of their having burrows to flee to; 
tlie hare, on tlio other hand, destitute of surh means of protection, 
has to dexwnd, in the open country, upon its endurance in swift loop- 
motion.” I’he relative size of the borers heart, according lo Berg- 
mann's estimations, apjwars to bo nearl}' three tlnies that of the 
rabbit’s; and of the puke rates of the two animals nt rest, that of 
the rabbit is about three times that of the hare. That staying power 
rather than wildness itself has led to the larger heart Ijcing favored la 
shown by the fact tliat thcro h very little difference in the relative 
heart weights of the tame and the wild rabbit (P), 

The relatively small heart of animak kept for food, such as tlie 
hen, the tame duck, the pig, the ox, and the cow (In which it is 
the ^me as in the ox) k, on the other hand, a consequence of the 
artidcial fattening up of the^ anima)]^, thus increasing their body 
weight, while their hearts, having little to do, do not keep pacCr it 
being possible to supply the oxygen demanded by iticreasiug the 
frequency of heat, llie animak with the smallesrt hearta would be 
selected for the purptise in question by man just because of their 
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U-iJig the leiwt iietive. Ily nrmidul (thutigli uticon- 

scioiiti^) HeltHTtion in the nther iliredi™, the relatively large heiin of 
the race horse would lie acciutitited for, while in the ciLse of the deer 
and the bat, ^vhich are the only other fiiuiunmhj, of tlioae in which 
rdstlvc heart weight has already been detertnined. with so large a 
heart u5s the race horse^ the same end has been achieved by natunil 
seleetton. 

That frequency of beat in a resting condition, as well ns relative 
heart sj^e, furnishes material (whether it is iiKnl or not) for naLiiral 
(or artificial) selection to work on is a fact of conuuon experience 
so far as man is euncemed, I have found it to vary between 45 and 
JK) jier minute in quite heal thy people* The extent of the range 
seems to bo very different in different spccies^^ thus in the mouse it 
varies between 52t> and 810 per minuie. hi the rabbit between 123 and 
300 per minutCt while a vcterinaiy surgwjii informs me that in the 
ordinary htu^se its range of variation is between ntid dO only in 
health, llering's observations on the pulse rates of 43 rabbits sbow^ 
that the modal resting frequency is lower ihaji the average fre¬ 
quency, thus suggesting in the case of the rabbit what lIBUer-'s 
obsciH'aLions did in the case fif man, that it hns come from a slower 
pulsed and larger hearted race. 

Can we go further than diowing that variAtions in frequency exist 
to he selected from if need be. and indicate ulso the method by which 
the heart in birds and mammals has !!;Uicceeded in adapting itself to 
die neecLs of the organism? IVe kiiow that I'egulation of heat in 
every individual warm-blooded animal is brought about by tho 
agency of the central nervous system* We know also that ii wami- 
blooded animal never is cold^ alUicnigh it feeLs cold when bniught into 
cold surroufidings^ while a so-called '^cold-blooded ^ one ivhich really 
does become cold under similar dcumstances does tint feel cold, if we 
may judge fnnii Sis lichavior We find that instead of mu king the 
attempt to produce more heat to connierbalanoe tlie loss, b}- eating 
or moiung aixmt, it refu^jcs to do either nf these things in the cold. 
It will not even choose the warmest [dace und so prevent as much 
lo?a of heat a?i possible* T kept a young crocodile for aome months 
in Q long trougti m arranged Uiat one end but not tlie other might he 
hcattxl from outside. It w^as ^ heated every niglit when the weather 
ivaa cold, hilt the crocodile wag found indilfcrenlly ill any part of 
the tnnigh in the morning, until at Usl one night in a somewhat 
longer spell of cold weather it died at the very farthest extremity 
of the trough from the warmed paru It could have been in a sur¬ 
rounding temperuture of C. had it liked; it chose one that was 
hardly above freezing ix^int and died there* A warm-blooded ani- 
niaL feeling the cokL would have made eveiy effort l>oib to prevent 
loss of heat and to produce mure hcat^ and even without effort it 
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would, with llio aid of the ceulrul nervous that is lo s^iy 

rellejsly, liuve dum onts or oilier or both tbing»« in aome speoies more, 
the oiiis in some more the other. 

Is it h1s?o by nieani^ of the eentrEil nervuns that the muBclesSf 

put into play either voluntarily or involuntarily to produce the c.\tra 
amount of heat and taking up more oxygen from the blootlT ask the 
heart to make gucKl the Jt h* well known that muaenlar ariion 

is aceompanied by iicvelcrution i»f the heart, and that ucc^leni^tion of 
the heart may be brought about by the intervenliun of nerves. But 
to answer the questiun we liuve to know u gtiod deal more than tiiis^ 
aiidj ill the iinst pi acts whether either rellexly by the excitation of the 
afferent nerves of the ina^^le or by the exciiiitiun of umtor cells of 
the cortex such acscelcrat imi cun be prfHjumL also whether poikolo- 
themiic vertebrates differ frmu hnmcetitherniic ones in ihis respect, 
Tiiat it cai^ he produced in cine or other of these ways in one stxK^iC'S 
of boma'Olhcrinic veitebi'uKs namely nucti, is sliown, I tlimk con- 
diisivcly* by the J*esults obtained from esperimetits wbicli, by the 
kindnesH of several Oxford iindergraclmites in serving ns subjects for 
them, I hiive lierti able lo make- Ilavixig recorded the frequency of 
the Ijeat with the subject sltling quietly witJi one hand and one foot 
In basins uf salt water connected with tlio terminals of the capilhiry 
electrometer^ it was then again recorded wben^ instead of l^eing at 
ix»stj ho doiicbed tlio fist that vvas free* or made some other definite 
niiiisciilar nctiont on hearitig a ?igiial given automatiealij just os the 
plate Iwgan to pass behind the capillary elct^trometor and with the 
exact moment at which it was given recortlcd on the plate. The 
reaction timo of the subject to the particular sound bail been first 
ascertained with the same instrument^ In a way which need not lie 
here described, to enable us tn tell the moment at which the mus¬ 
cular action l>egan to be madi% and to in bow long or how sliort a 
time after it the accelerEitioci of ihe heart took place, have of 
course to lake our chimee ns to when in a cardiac cycle the signal b 
giveni but by taking a sufficient naniber of records we are likely to 
meet with it in all plioses of tlie cycle. The ajiiniint of the Hcoelera^ 
tion witli auch a slight action as clenching a fist is very different in 
different [people, but if it is marked at all we have no ilifGculty in 
ascertaining that it occurs so pi'omptly that if the iiiuijde Laigins to 
contract only at the end of a ^y>aole, the irumodialely ensuing dia^ole 
of the sauH!^ eordiac cycle Is considerably shortened and that of the 
following eye lea still more Thus in a man wiiose heart when at 
rest WHS beating very regularly T3 times a minute^ the period of the 
cycle being therefore second,, the per leal bei^atue 0*67 JseoE^jid 
when the fist was denciuHi at (he end of the ay stole* and the next 
ones weiv 0.u7 or 0*56 second, the frequency being thus temporarily 
raised to over 100 per minute. That the stin>uluis should be anything 
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itivolving iiiucJiauiuuL ixiov^ri:teiits of the blootl la hardly conceivable. 
The tihorteninj^ of the cycle in cases of such slight action Is due to 
shorlejiing of the diuaLoIe only, and JlacWilliaiifs rcscurcUes (12) 
on cuts have shown us that ii is the vagus nerve winch priiieipally* if 
noi soleJvj tillects the duration of diastole, and that stiiuulatioii of 
the peripheni! end of this nerveprodnces u4i irnmeiiiateefftM:*, whereas 
that of tl^e ttra.demtor nerve to the heart (the sympathetic) taki^ 
Koiue few stfcti*tjds to pnaltice one. iVe can tlierefore not only suy 
fnitn the promptilnde With which the heart occeleraU^ when a volun¬ 
tary action is made that it is due to nerve, action, l>tit also that it is 
the vagus nerve w^hich conveys the inipulse to the heart and therefore 
Hint the nerve which acts on the vagus center^ wlietlier the sensory 
nerve of a nniscde or an axon from a cortex cell, ads in such a wny 
ns to suspend the ionic action of the ctnitcr* Boweii^ in a paper (lii) 
discovered aftci- these e-X[H»rJini?r!tfl had heen tnadep fias sliow^n that 
even so small an aclion ns gently tapping a key^ the subject lieing at 
rest with his arm supfrf>rted on a rable^ products a prompt accelera¬ 
tion of Uie heart. His methml of recording does not show so well as 
that de$crih€<! above how prompt it is, but lie saw' that it w’as enough 
to indicate that it could only he brought filx>nt by the mediation of 
the vagus. 

Of wurse niati)^ other faetors—cbeniicid. mechanical, and thermaK 
as wcdl m nervous—must pky ttome part in producihg the strong 
uc'cel era lion of the heiin cortseciucnt on severe excrci^iev when the 
fwiuency may lieeome in msm 170 f>r ISO per minute^ anil when the 
duhiticm of die j^*sto|e ns well as that of the diaTtnIc ht shortened. 
To atisw'er our question we ref|uin; to know whether il is to them 
or to nervous factors only tlial the acccleraiion is due which 
occurs tvllh rellexly prtaliiced^ ciiusenlar movehionts for 

the regulation of temfxsratnre such as stiivering, evidence of which 
aaieiemtion I liave olAaincd from one or livo medical undergradu¬ 
ates who kindly took their pulse ntte^^ several times under conditions 
which indiicetl shivering for comparison with whut it was before the 
fllijvering commenced. Since the shivering can not lie made to liegin 
at n precise moment, w'e can not ascertain in the same way as for 
voluntary iimvcments whether tlte heart acceleralion its well the 
movement itself in brought about by the agency of Hie central ner¬ 
vous system f but there is a certain amount of likelihod that the two 
things shonkl be eifecied in the first instance by the same ugeney. The 
fact that the uroiiHing to activity of the in>nlral ncrvotis system of a 
hdicrinviing animaL iiiakcs it not only begin to shiver (17) or becoine 
very active so as to pniduce heat, hut at the same time (or even pre¬ 
viously) quickens Hie heart Iwai very cotLsidcnihly (see 6^)^ also sug^ 
gests it. It iiiight perhaps be detentiintxl whether it tvere po or not 
by seeing whether in the first place the anioml managed to hihcrtiatc 
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if the ttction of the viigus on the heart were prcvenleiL e. g., by the 
aclmmi^tmtiott of atropine | whether in such eiise the frequency of 
Ijeat wits reduced to the same esteiit, and if so, secondly, whether 
under a continuation of the treiitment heiirt uccdcnilion ^►ccurreti, 
mid occnired us promptly, on awakening from hiLseniotion. If in 
spile of such procedure the animal when awake still suctejetled in 
regulating its temperaturt*, we should know that other ugeticlea than 
ihe central nervous system were more intimately cofUTCTOed m adapt¬ 
ing the heart to meet the dciimntls made upon it. We should then 
be in a belter position than we are now to disctiE^ whether the power 
which we have shown to be exercised by the heart in the <lifferent 
apecieft of wann-Hooded animals of complying with the demands 
made upon it, not on occaabn only but for life, has been evolved 
under nervous control. 
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THE XATITKAL HTSTORY OF THE SflLlTARY WASPS 
OF THE GENUS SYNAGKIS.' 

rwitb A I>lat«ul 


By E, Boujiihup. 


The solitary wasps of tho subfamily EumeniiiaL! which belorig to the 
genus Synugris iahabit. the whole of Africa except the northora por¬ 
tion Riid Egypt. They are dosely allied to the genus 
but arc distinguishabk by the labial palpi, whidi have only three 
joints, the very long kbrum, and tlie uiaxillary palpi of 4, or 5 
joints.^ 

The systematic rdationships of this group, althougfa elucidated by 
the early inve^tigiitions of De Saussure, are still imperfectly know'n, 
>vhile the biological data which we possess regiirtling them are much 
more fragmentary* * Wc know that these insects budd nests in the 
ordinary mQimcr of the eumenids, but their larvte are little known 
and their motle of feeding and tlieir history still less. 

During the leisure hours of my sojourn In the ^fiddle Congo as a 
member of the conimiasion for tJie study of the deetung I 

sought as far as possible to supply soine of these dehcioticics in oiir 
knowledge. Tho wasps are quite common in tho lower Congo, and I 
found there throe species?, S. calida Tj., Satis^, and the 

mcKB-i common as w'ett a.^ m(>st remarkable of all, e&rituta L. These 
three species nest by preference on the roofs and walls of houses, at 
all times, Wth in the dry or cold season and in the rainy or w'arm 
season^ There was* therefore^ at my very dour im interesting subject 
and (ine relatively eiisj' to follow^ and to otudy frcmi u blologicoil stamd- 
puint. Sini% it had to do with the eutnenids, one might have ex¬ 
pected a mode of life but little different fruin that of other solitiiry 
wasps—that is to say^ an ordinaiy provisioning of the nests by means 
of frodi paralyzed preVt with which the egg is jabut up and left en- 

iTmoflUlnl tijr treip AnmlM dc Ik di FrmnM, 

Part*, Julj, ifliO; Vvl tt. 1-21. 

* I oWo Ka Ub« btallQi^rdtihlcKJ detallo. Ui« lnfdrmatJ&n m^dinA: and 

tlu le^xBct Idc^bliflcmtton uf tfahs: ipKlH Kre- Ih# at t-bcKe bOaemtlou, ts iqj- 

frkdd, VUconnt H. do Bdjfuod, kaDirL«d^ (m4 bwa imfilUnc- 1 *Ea 

\kmppy tc> cxpmi tkm UJ jtry bLemtczv tbantfii- 
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tirely wloiie. Ol 5 i 5 <?rvatioii not lonfr iii (bmoiL'^trating to me iliflt 
irvstinct umong ilu^ wasps Hi=sumcil an entirely different form—that 
throughout the genus it iM in full course of evolution toward ii higher 
type, toward the iiichIp of rearing the young so ciitir*dy different* 
wULeli exist'? among the social wasps* The species of Sj/migrh 
constitute* biologically, n tyjye intertnediate Ijetween those of the 
solitaiy wasps and the iiocial waspa. f shall attempt to show this in 
piv-scnting the results of my investig^itioiis regarding the three 
species oftlie Congo. I have been aided in thb work by the devoted 
7 .eal of mV assistant In the commission* Mr. W'cifiSj to whom 1 wish to 
express at the outset my deep sense of gratitude, 

Syno^rii^ caii^iiL L. 

Tills species le not common at BraKKaville* 1 found only one 
large nest* which was built in Septetuber under the roof of Uie 
laborutory of the commission. ^\nien ctjUectecl in October, this tsest 
measured 12 centimeters in length and about S centimeters in greatest 
diameten It had tlie ap^xTirance of an irragidar mass of wrth, 
witliout flppreciflbk symnicm* the surface being mEiinniilated by 
a peculiar rough plasteringj in w'hich could be recognijted the innu¬ 
merable pellets of earth which the builder accnnn.ilaied for Us con- 
fitniction. This nest contained 11 celk* with very thick walls, all 
cloj?ed mid occupiecl by young pupie, or by larvae which had already 
devoured their food and jqsun their silken cocoon.^ Like those of 
all die species of Synagrh^ this nes^t was bniU of a mixture of 
yellow clay and sand, mixed with saliva. In occordimce witli the 
habits of the eumenidii, it is probable that each ccnnpLirt.mcnt was 
tronstriicted separately* and tliat the common covering of earth was 
merely a ffccoiidary assembling of the Bcparate eells. Mr. G* Vasse 
bniiight to die Museum of Paris from Moiuimbiipie a young nest 
of this sp<;*cics which conaisteti as yet only of die cell* The 
nest Lh somewhat coniaiL and about centimeters ioiig and 4 centi¬ 
meters across the widest pail of the base, l^he apex is occupied by a 
large orifice, slightly tunicJ tow'urd one side* ^Ir* Chevalier also 
senl one from Ki^ffiedje (Fort Sibul), in the Grihingui* which was 
already finished and ijuite old, but which contained only six compurt- 
mejit^, from which nil the adult uisecta bad gone. It measured 7 
centimeters in length and 5 ceniimrters in breadth. 

I should have known scarcely tmj’thing obout this WBiip if I had 
not accidentally found in one of the elos^ compartments of tJie nest 
which I collected at Bruoiivilla a young larva dead and de$iceatedt 
with the whole of its store of eaterpillartk All the other occupants 
of the cells were either fully develo^wd larvic which had devoured 
their food and spun their cocoons^ or wore pupae* The caterpillar 
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found by tlip aide of the yunog were lilentifiKl by 

Ifr. 1\ Chretieti iia of lie^^jiorids?. By iriesin^ of these reinains it 
is poesabli' to des<.'ribe the hiibits of the wasp. It dejKisits in the colls 
during the course of I heir const ruction a lioiini of caterpilkrs, rcn- 
ilerod immcjvflhle. and an egg, msd then walls up the orifice, and takes 
iu> fnrther care of its offspring. This h tlie onlinary provision of 
focxl as found among istber solitary w^us|is, Mr. Msindron,^ more¬ 
over, observed in iSTih at tjciiegiil, die mo«le employed by S- 
in providing food. TTe saw tlie iiLsec^t hunt alwut small bushes, 
seiae upon caterpillar?^ grouping tJieni w ith ita mandiljlcs and pierc- 
iug them w ith its sling, and then carrying them aw ay ond storing iit 
least six in each cell. In the BroKisiiville nest the number w as mucli 
larger. 1 counted as tnmij as 14 caterpilkrFi in the same cell. Many 
of them were parasitized by the krvtf of a Tachtfu^ {T. Meig, 

xanthi^j^ph lVieJin.=£kiflc^tfi<f wie^inerlsi B. 11.),’ the piipe 
of w hich, having t^senpefi from the host, were foiind at the bottom of 
tho cell. It hi quite jxHssibb that the premature death and decompo¬ 
sition of the parasitized cnterpillars had led to that of the others, as 
w'cll as to that of the Tlie panisilism of the T^i^hhui hud, 

therefore, extended its results not only to the hesperid caterpillars, 
but also to the larva which was to feed on them. Tljis drcuinstance 
sliows one of the defects in the primitive mode of rearing the larva?, 

JS^nm/rrif 8aiis$. 

rt is iifii the same with A', sitAdmim in which the f(.?ediiig 

iiLstiiict. is [x^rfccted, as w ill 1>e seen presently, in a remarkable man¬ 
ner, This species, w'hich biiiltls nests cell bv'' celb of rude strnctnre, 
miieh rih^'inbling those of the preceding speeies, is the nin^ comiuon 
form of Sifiur^rh at BrazKavillc. Tlie nestis are ma.sBes i>f yellow 
earth, the surface of which lieam the marks of the aiicressive balls of 
earth which the was]i has joined tc^gether to form the celk. The 
maximum number of cells which I found in n single nest did not 
extwd eiglit, and the whole stmeture was roughly ovoid. The moet 
recent rell is nearly always open^ find serves as a Fheller for the 
buihier, which ven^ oficn dies in it. As k usually the case, the nm- 
tcriak that serve for the const met ion of nest.^ are obtiiineil In moisfL 
placed, mixed with saliva, and corrit^l with vet^^ great zeal to the 
place chosen, which is nearly always under the higii roof ijf honse^- 

The Luitiai cells are higher than broad and roughly conicid. Quite 
often the earth of oUi Jiesbs k used, in which case they are gnawetl 
and demolished all alvoiit the orifice; bnt I have never observed that 


*lhinu. Uu et Dtp., Apr. 1!^, iSifi t^xnaa^unlCAt^d bj Sir, J. KOiuki^l d'XIiireuIiLlii>, 

■'I ntwn ttiln Idi^Uilclinad to tlui lilEitliHM ot mj Iwnifd frlead Dr. J. VUIenodrcL 
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ft Si/JiUifrU fjbtftinec:! nidltTiiili^ Ht the of fresli nests that 

were still occnpieci- The nests were B tf> W oeiitiinetei*s lon^ and T 
centimeters tjrfMiil ? the height of the cells, -kS (^ntimeters. 

ftf msts ,—Sometimes the nests fire associatetU i^evend 
being placed side by wide, so that they form bands of earth to 2o 
centimeters long, according lo the number of individual nests. The 
number can Iw astiertuined by filiserving the const riel ions in the nniss 
of earth which mark llie area of contoet Ixdween two different nests* 
(PI. 2*) Are these fnrtuitoits asf^jriations of nesLn of ditfeient age 
grouped by adult wasps wliich had no original connection with each 
other i or are thcfy constructed by ftmiaks bom in the same nesit ? it 
is difficult to decide. It api>fars. » priori, not iinpoesible that they 
represent the first step toward n grouping in colonies* 

of kr^tr.—On Fel)niary Iti 1 discovered under the roof of 
II farm building a nest of this ^^^ith two cells. The older, 

the orifice of which was walletl up with n plug of caiih, contained a 
larva already well growiu and u provisiori of bin inert caterpillars, 
one of which was idioMt three-(iiipriers eaten. In ihe more recent cell 
which was guarded by the female, was found a sdngie ^^etlowish egg 
merely pinched in the liollom nf the cell On the 2*2cl of Fel>ruary 
another nest wii,s tjniiitsjcl out to me by natives on the quartcr^i of the 
Senegid tirailleurs, I had it brought down with the grcatc?»t precau^ 
tioEis* ll was tin assiKuation of nests forming n baud tlint mCOHurefl 
about 30 centimeters in length. 'I’ho adults hud already taken their 
flight, fls llvese were old Jn two of the cells were found nidy 
fi couple of fctiialus, pniljaldv the buildersii, who had retired withiii 
them to die. Tlie last cell uloneT at one end of the assemldnge, was 
guarded by a living female, I found tliere an egg that occupied the 
l>ouom of the cell and aliove it a Urge hesperid caterpillars. 

On the fi3fl of February a third nest was brought to me by a Ba- 
knngfi hoy, who hail obtained it on his quarters. Three cells were 
wfillf^-] lip and container] a young pupa and two fidl-gn>wia larva?. 
A fourth csell was open and contained a wasp with its head iunied 
in ft inenacitig attitude toward the opening. It had not iihandoned 
the ntwi while the tntter w'as being tninsported. On tutiiing it out, 1 
found in the ot4i 10 large liesperid oiter pi liars, to serve as provision 
for u large lamu which had already iiitniiicd IhrL-e-fourths iLs frill 
sive. 

f)n the 27th two nest?r were hrotighl to tne with the greatest enrf 
by natives. One consisted three eelLs, of which two wore closed. 
The third harbored a young lan'a with a provision of eight cater¬ 
pillars. The other nest: eornprised five ctdls. In the freshefit one, 
w'hich waft guarded by the female, was found an rgg without x^ro- 
viftiou* In one uf the adjoining celis^ which had the orifice closed, 
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tliere wiis a larva of lurgi? with a provision of seven raierpiUjits, 
two partly deTonred* 

Witli the nid of th^ foregomf^ dato, it is pt^ihle to contmi:!t a 
history of this The wasp lays an in ila of earth. 

Then^ withont haste, afier having gnnrded it for soiiio tlme^ com- 
mencjes to collect u small pro’iision of cnUTpiUars for tlie nionient 
of hatrliiog* WJien the krva has crimmeoml to feed, the 
continues il^ provisioning, but in a slow pitd regular maimer, taking 
care only to fiimisli its Ian a with a little ttiorr food than is neces¬ 
sary for the day* Tt is a progressive provisioning, from day to 
day^ which gires the wnsp the necessar 3 '' Irisiire to gnard the larva 
find watch its growth. A fact of thU kind has never Irefore been 
recortled of the solitan^ wasps. 

’\nieri the larva has attained three-fourths of its size, the w'asp 
incloses U in it^i cell with the last provision. At this time the larva 
is still transparent and rose colored. In three days it devours the 
caterpillars at its disjsosah tak^ on a uniform yelluwTsh color* and 
its transparency on account of the abundant developinenl of 
reserve nutriment After tliree days of rest, during which it reinaiiis 
inert and witJiout movement it spins the thin walls of silk which 
surround it, and outside of which are left the alimentary wastes^ the 
excreniciit of the cater pillars, and the hard cliitinous part^ which 
have not been devoured* 

From ID to day^i intervene from the time when the larva spins 
its ixKXKin to the t ime w hen it. lunergcs? an the adult in?€K;t. The pupa, 
pro])i'rly a* called^ Mists for about 12 day6. Thus, three hirvu* 
which spun their <a^a:fiotiH on Fciiniary ID, 22. and 2:^, res|>ectively, 
ivcre tninsfomicHcl into puptc on Jfarch 3* and 5, The adults came 
out nn ^lardi 10* h% and IS* The duration of the pupal atage wii>^ 
therefore^ JO days for the firrit, ja days for the second, iind 13 days for 
the third* 

Tlie caterpillars which the female wasps choose for the nourish¬ 
ment of their larvae are Lhce^ of vjirions s[>eeios of licj=porids (skip¬ 
pers)* r did not obsene either tJieir capture or the mcthwl of nui- 
deriug Ihem immobile. Some of Uiern were bitten on die side of tlie 
Jieiiil, iiiul the majoritv n^howed indieations of having l>een stung sev¬ 
eral times. They were ahvaj's more ccimpletely ijumtibile tluin the 
fTiterpillars made use of by tUr solitary wasps of the genus Off^/nertia 
ill our country* Fabre has oliserved as regiudE the latter that the 
caterpillars, although stung, do not remain motionless, anil that they 
would crush the egg by tlieir movements if it were deposited in their 
midst. Hence the utility of the suspensory threat! which attadies 
the egg to the surface of tlie cell in different species of and 

AwmrncA. FerLon mentions that in the rase of nests which he ob¬ 
served the caterpillars wett^ pwasihly able to apin cocoons and to trans- 
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form tJieini^Ivc^. It b fur from being- so in the case of the cuter- 
piliars rendered ijnmfiJdk by which lie quite inert in the 

earthen cell and scarcely show any sigTi$i of remaining uUve* beyond 
slight movements of the niitinlibles and head* 

The egg is deposited beside tUein, and is not fixicd to the wall of 
the m^sit hy i\ snspen.sory tiirt^ad, [kltliotigh lUjh tliread still exisi-s at- 
tnclaxl to one enfl of the egg. Tlie egg, fuilherninre^ la not fixed to 
the lijvy\ ax in the cilsc rif such predaceuus wjisps as 

Amm 4 ^fiAiIa^ Pomp!hi^^ etc* It is f]e|msited id the hnltODi of the 
cell, which is at the tinic empty, and the femnlc watches for the 
batching in order to begin jmivisioning. Tlds h-, therefore, the habit 
of social wasps^. One of the vrasp:^, Afoncffnlft puncMnu has nearly 
the same habit, iiooortling to Mr. Hudson {cji iJouvier, p. 20)* lliis 
wasp dips a hok,dcp<»sits its egg therein^ and tljcii cln^s the liole and 
waits for the hatching of the young larva l>eft>ra mulertaking the 
prin'isionitig* Bid, sls Boiivier has remarked, this proceExling hanlly 
enuHtitutes a marked ii{jvarK:i- m the evolntioii of instinct. The yoimg 
IIt its birth, finds itself immuixal in an empty ctdL It ib>es 
not find at it^ door the fwd that it needs after hatching. One can 
understand, kowever, the protection of the egg which is assn ret! in 
this WSJ again.st the uttacl^ of the Tacbina flii^s* llie proceetlinp of 
our Synaffris is much moi-e ]ierfected* The wasp does not wall up 
ik cell after laying the egg. It remains tiicrc iiself iiiul guimk the 
egg—its head cHrccie<i out want, thus pi*evcnling the aax^^^ of para¬ 
sites. (Jn the other huraL it licgins provdsionlng at Kuch time jis iviU 
enuble the young larva, iifter Jnitching, to Vie certain lo find its fcKub 
Tlie provLsiotdng which then takes pluiei i-egiilarly and in prtjpnrtioii 
suitable tn the sdifie of ihc Ini-vii* pennitw the Synm/rfj^ to watch Lhe 
grow tk of its young* This is certainly an important advance over the 
primitive mo<le of rearing the ynung foiintl among the ^ditary w 
The [arva is not walled up in the coll which is abundantly $msi|>UwI 
with caUirpillar!^, until it has reached a period of active grtnvtlu 
which guarantees, to a certain extent, ei favorable termimtkjn of iti^ 
evolution* 

The nsnal inode of proviaioning, in which the egg Is ah]lnclon^ 4 l to 
itself in the midst of an abundant supply tjf onterpillars, i» luani- 
fei^tly imperfect- It may happen thsit tlie prey which lias Imi^u col- 
lectcil at ono time in n single localitv may Im? already infe^Eed with 
parasjtesi* In this cime^ these crtterpillars, which are in such a coiidh 
tion that they can oiler little resistance* soon i^criah and ilecoinpftse+ 
involving the death of tho larva wdiich they shoald serve a>^ ftajd. 
It may happen a bo diat their tissues having Ijcen partly devourwJ 
by their parasites, the amount of food is insulflc-ient for the complete 
growth of the young wasp. Tills occiimHl* m we hiive seen, in iho 
case of at leEist one of Qic larvie of our etdidir. 8iich an 
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iiccHlpiit CPU Id Eot happen m the nests of t lio S^naffrin or 

at lesist it coiikl not occur so reiidily, ns tlic cell is not walled np 
lUjliJ hita. Tn this respect, therefore, the slow and progncssivo pro- 
viftjotiiii^ L-ojistUtites an indbpiitable improvement on the primitive 
insliiui. It is an important step in the evolution of the iieretiitary 
liahits of the ssolilary wasp^ 

fii n thinl species of S~ wmn^a, we find llie espres- 

sioti of n niateniiii feeling fnfirutely more dehiike. nti insfiinet for 
rearing the younft still more perfected. This Js the third term of ihe 
fferiew whieti will lend us dircsctly to the remarkabk- nearing habits of 
the soeinl wanps- 

Xidip^&ffon ^ — Tlie nest of S. as in the mstt of the other 

sf>ecies, is built by the female, with a yellow earth, it tnbtture of ilay 
and sand, taken from the holders of brooks in medbt plaices and 
mixed with saliva. OcdAsionnlly the clwy chosen is of n gray color. 
As usual, the mule <loes not partieipnte in any manner in the von- 
stniction of the nest. 

The different cells, in this ease aJitO* arc iiuilt separately, hut at 
IkwIckIs whicll may vary CMnsidembly more than for the other two 
species, ou noctuinl, as we siiall see later, of iho peculiar manner of 
rearing the larvte. Tlie neat h* comjx^ed of an asseiubhige of celh 
which are biiill st^paratcly, btit the j^enrnil structure n-veals tiileiit 
which is iimpiesticiiiably more |>erffTCt tlmn in the other (wo species. 
The nest of S. t^&rtiuta has scarcely been mentionetl except hj E. 
Aiiilif* . who describeil it very briefly. I tiiive hjitl to 

obsen^e niim^rnus nesta of this species in the Congo whet'tf it h seen 
more frequently tiian the pretrcdiiig mws. It builds^ niort^ner, ii] 
mueii more accessible phic^, under roofs of huts (paiUntrefi) . and on 
the proteilefl walls of dwelling of Europeans, at ii litlk di-tatui* 
ubijve the ground, I W'aa able on one iwcasioii to observe the 
struct ion of a nest, which wils immediately i>efore my eyes on the 
wall of the lahomtorv, about 1.50 nieteni above (he grcHlnd. 

The fiiwt compartment took the form of mi ova! cell, the lx>ttom 
<jf which was Hliglitly more e,Tpttiide<l than the part which TOntaimd 
tlie entrance. Usunlly there is a short neck near (he orifice wlijcli 
is more or less indiiicfl t^nv^l■d the side, in fac llitate the eiitrance uf 
the builder. The prominence of the neck is variable, it hi 

well develo|>cd, ihc cell may take on the nppearaiioe, roughly, of n 
turbinated fhtdl of a gasteropod, (Pi, fig^ 3.) Fmpicntly, the 
neck is lacking, and tlje entrance b then at the upiier piwt of the coll. 
The length of the cell is^ on the average* 3 centimeters, and the (>n>atU 

part 1^3 millimeters. The wall of earth is much less thick in tlus 
sperie^ tliiin hi tJio of nests of the other two S[>iicie£ii uf 
&737S' — BM la 10- — 39 


514 ASJIUAL BFJ^ORT iJifITHSONTAUi TX3TtTCrTlO>\ IDlO. 


altiiiiiiy n]enlif>nF(l. Tlic nmteriuls are iioticeubiy ecoiiDmized^ which 
Indicates a constnictiA-o lability rnotv iitid niore reiinotlr The 

con ting of earth isdi%‘eraifieil extemnlly by n nmltitndfi of tran^iverse, 
pamlleJ cernigatlom?. which corresiwnd to the tniTids of sTicce^ivc 
aceretjoiis during construction. At a siislsnce the whole stnictunB 
presents the appearanw^ of n sninll nidc bi^skct. 

The construction of the cell is Iwgun at the lx>ttorQ. Tho wasp 
molds its work* building up the earth in regular fashion arcnind the 
whole breadth of the cell. It deposits its miiterial on one aide in 
contact with lUe substratum. Then, moving backward, it distributes 
the whole cverily as regards iliickneas, according to the predeterniincd 
diameter of the structure. It carries on this work with extreme caro 
find steal, interrupting its toil wti ma.sr>n and architect only to go 
hastily to gathc^r new nuiteriols, wdiieh, as a rule, it gatliei^ in a sin¬ 
gle spot. Two or three days are nccessaiiy for the to cxmi- 

plete its basket of earth. Then the vrork is suspended for a time, 
Tho wasp lays an egg in the cell* and the new oeeppAtions of mother 
and nurse follow' tluit of worker in cluy. When, the larva* which is 
tx>rn and devidops in (he eell, has ooinpkted Us growtlu the insect 
closes the orifice of the oeU with a cover of earth, the materia] for 
which it frciqiiently takes fit>m the walls of the eiitmnce pa!ssiigi% or 
turk. so tliat the opening bv often tratisfertv^l to tlic end of the uiaiii 
n'SiiiA of the c*!ell. 

The tjisk Ix'ing finished, the insect returns to its la I lor^ of construe- 
tion^ goes to lofi: for suitable UTateriab, and biuJds a new cell at the 
aide of the [>receding one, ajid in the sdime ffirrii* I'lie maximum 
numlier of fUtferenl cells which may compose the aggregate of an old 
nest Eippeara not to eswaal six, on the average^ for a aingle female. 
Every time tliat a new cell is hifilt^ it h attaclu^l firmly to the pre- 
ceiling ones, and a mass of earth filling the inter^jlices conceuls in 
part the original distinctness of each cell, and alsfi fn?<iuently covers 
the bauds of tlje fundamental coating, Tlio uniling of the different 
cellsj however^ is never iso iroinplete and never produces so compact a 
mass as in the of tlio nests of the |>receding species of 
The appeairauce of the nest ia quite different. 

The nrmtigement of the cells in an old neirt., eiucI ct>nsetiTiently the 
p-neral form of constrnetioit, varies nccording to the orientalion of 
ttie whole, eommnnly the sueeessivc cedb arc plaml in jiixta- 

l>o^itioii in a linear series, in a single row along the -snhstratum, TJie 
coiinplele newt formed hy this ruaELiier of a85«nib]irig tjikes the 5Shope of 
a band of earth more or less regular tind compact, about (>*5tJ centi¬ 
meters in briwdth for a nest of four crib* and JliSQ centimeters in 
height (pi, 3, fig, %). The i| iff emit cells are often recognizable only 
by ihe orifices* which an^ all iirmiiged on the mtuis. sidet whether ripen 
or closctl* The nests witli ilie cells in ti ^ngle row arc the most 
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regular Bod ps?rfeict. In ih^lv constriii:tioii tlio power^i of e&rfujttu 
in compfiri^oo willi tho^ of oibi^r s|jtx;ips arc moM fiilly rercaled. In 
other lnptiin(?e 3 the collet are plafe«i one upon another in raws, 

the orificfe^s being i^oiiietiineH in tliti same dimlion and sonieiimeH dis¬ 
tributed at raiidofji. Tlie iiniss which tills the intervails between the 
cells may inrotJuce n compact liiid jiinorphous nest. 

T]j 0 dinumsinn^ of these coni]jiict nests, which are nlwayii less thnn 
those of other sj>?cies of S^naffris for the saime nimdier of cells, tlie 
greater tliinno^s ctf the walls* nnd the ditlerenei.^ in the ornamentaiion 
of the outer wating, enable iliein to 1 m! readily distinguished, 

(9r?Vw/n/iV>ii £?/ ili£ —The urieittatiou of tlic orifice of the cell 

is v ariable, as well as that of the whole nest. The wjisp knows how 
to modif}" slightly, acconling to circmnsliun’t^* tlie general direction 
which is suitable for the cells. It ndapU ita constructions to tiie dif¬ 
ferent condit ions csisting wlicnj tlw nests are |slarecb The linear jiesls 
are ordinarily ploewl horizontally if the breadth of the foimdation 
fwmiits and the oix-nings of ihe cells occupy the higliest Tn 

other cases, csi>ecially when a nest b idaced on u strongly inclined fiur- 
face* such as the nudereide of ii roof, ihe eiriticeri aiv turned a liltk 
more ontwflriL The IcngtJi of the entrance pi%>^igi!, or net^k^ und the 
|K).sitioii of the orifices ^nry Kcconling in the inclination of the foiin- 
dation. AVhcii a nest is fixed tn llip lower i^urfacc i 3 f a horizontal wall 
the enlriince to the colls looks downward (ph S, fig, li) In accordnncc 
with the development of the neck. Soaictimos, though rarely, the wasp 
nests In the bushes away from habimtions. It may then use as sup¬ 
ports for its cells the bread and firm leaves of certain herbaceous 
plant,'^ but it lakes care to conceal the nest on the uiniei-side of ilie 
leaves whicli. iM^itigbi-nl ^lownward by tlic weiglit, form le ttmf for it. 
WHien the iie±jt is iittaclied in a narrow leaf, the breadth of >vhich 
scarcely exceeds iho maxituiun ctimcierluns tyf a single crib the orienta¬ 
tion of the nr-st is entirriv chnngod. The cells are plaeeil acc^^nliug 
to the breadth of ihe li^if und julcfl one on another, A linear iie$t 
results, but is orientcii in accordance with the length of the blade, 
iho orifices of the cells lieing placed lateiiilly, Tlurie factn show a 
certain elasticity in ihe manifcstsitions of the constructive jiowers of 
fornutii^ wliich we did not find in onr other tWii siweies. 

0™liriion ami rainftfi of ili^ Jar^i^iu—Whi^n the has fin- 

ijihed the construction of Sts c^ell of ctirtiu it lays a bluish egg, measur¬ 
ing fi millimeters long^ the chorion of which presents at one of the ex- 
tremities tlie mdimeiit of a termmal rdameut. This is the rndinient. 
of the sus[tereiory thread of the egg* ^vhich among a large niiniljer 
of enmenids secures the egg to tlie wall of the cell. After tlie egg is 
hiidy the female remains in the nest, her head being turned to^vard 
the orifice. She is observed to Ijo al>scni tiuly for brief periods at 
long intervals, no doubt leaving ju geardi of food. Sho dods tiot, 
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hfjwpttr, briu£r buck iin v )nt*y, nor unilcrtnk© any provisioning of tlic 
nc«t. It is only ^vUtn the larva is liiitelicd thal tlie wasp begins to 
hunt in a more active manner. Sbe comes and {?»s incessafltly, re- 
mainihg aliont the tierf. only a very short time at reiieatcd intervals. 
In this resiJect the habits of oiir are entirely different, not 

only from those of the two preceding species, but also from all that 
is known relative to tlxe etiiiicnidB. In examining nests severe 1 times 
shortly ufter the return of the female—^whicli never appenriMi to 
ctirry living prey in her mandibles—always found them without 
previsions of any kind. Whatever might ho the age and stage of 
development of the larva, which lay on its iMick at the bottom o^f the 
ceil, it ticv'er appeared to have any caterpillars at its disposal, bur- 
thermore, no remains of a previous repast were found, cither head 
pmta of catcrpillani prc^donsly devouredj nr excrements of paralyswi 
caterp ill Ml'S, such as were always to be seen in the cdls of other species 
of Syiuiffri*. One is le«l to conclude that S, cornnfa forms a re* 
mtirkable exception among solitary wasps afi regards its habits, in 
that it nourishes ils larva? from day to day, without storing provision 
for them, and doubtless in a very special manner. 

By ohsen ing more closely the goings and comings of these wasps 
I semired tlte key tn Uie pn^dem, A nest easy of access was ex¬ 
amined at the moment wlien the mother left a cell. I ex¬ 

amined carefulh' the contents of tlio cell an<l foimd therein, as 
usiijil. no trace of caterpillars. The larva of the jSyimym lay at 
(he l>ottDm of the cell. I grasped it lightly by the srid of piiiecrs, 
and after having confirmed the fact that it showetl no trace of food 
I replnced it in its normal position. Ten minutes later the wasp 
retunied, flying rapidly, and enteied tlie nest. After waiting some 
nionients T forced it to leave the sjwt and then saw, deposited on the 
thorax of the lanu, on the lower surface near the mouth, a little 
fowl mas, O'f a grren color and of semifluid conshitericy, which the 
larva nle gre*Klily, Ijoofcing a little ch»ser. I saw (lint this food con-* 
Misted entirely of the rudely worked-np body of a rat end liar. 

The manifestation of the feeding instiuct of this solitary wasp 
proves to be entirely difTerent from the stage at whirh it has arrived 
in the oUier two species of Sf/fiagrit. cornu fa nourishes its larva 
from day to day with caterpillars ground up into a paste which it 
places cbise to the mouth of its oflspring in the inanucr so well known 
among the social wasps. 

Thus we find in this species no trace of the primitive provbdpntng 
instiiii-t of the solitary wasps. Bj' a sudden leap, we pass to n morle 
of rearing the larvio greatly more advnncetl, which indicates on the 
part of this sjjecies a tnatcniul care that reveals itself only in a very 
indifferent and primitive form in S>fntiffns eicheUantt, 
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The mitritivo pii^ste is deposited by thp mother wnsp on the ventnil 
!?urfacc of the lliorncie wginoiils of the Inna. A slight tuovement of 
iho head siiHices to ejinbk< it to reneli the fiKid. The larva lies on Sts 
buck in the eellj uiJ the form of its body, which is more sloirply 
curved timn that ai the species of (pi, 4, fig. 1), heljis to 

facilitate the contact of the ntoiitli with the foocl. 

Tlic stdicitude of the tnothcr for her offspring is very 

great. She goes altnost cciistiiijtly in pursuit of food, which the Iiirvii 
devours fft. onre. During the day her hours of rest jin; few, fur the 
growth of the larva Is rapid and its ftp]>i>:iite insatiable. Hence one 
-sees the female at the nest oidy ot short intervals. .Sho brings fowl, 
dej)OHits it in the juioper place, reuiains a few moments engaged in 
earing for the larva, with the hind pjirt of the bwly directed outward, 
turns around, luul leaviis the nest once more. While she disiributes 
the fowl she does not appear to nuiriifesjt her agitation «nd coaeerji bv 
strokes of the wing?®, as It'srttt or IicI(»v)gs»tcF do when giving food 
to their young. 

Xotliing from without, shows the nature of the occupation of the 
iSiyna^m when she provides fetr t tie iiee<ls of her larva. The absenciss 
of the feniiilc ivlien the larva Is full grown are of frecpicut wcurrenre 
hut sh<jrt duration. The eitent of her wanderings and the radiu.H of 
her pursuit of prey must therefore be quite limited. During rare 
moments of rc.®it and at night the wai?p reinaim in her cell with her 
head turned outwirrd, gnanlitig her young. 

It would be interesting to know how the Stjnmjj^a kills tlie cater¬ 
pillars which she ciistrJbutcs to her larva, w hat m* she makes of her 
i-ting, and the primitive practice of paralysing the prey, I was not 
able to solve these questions. As to the nature of tlie caterpillars 
whieli slic raptures, it is clifliciilt to determine the spetdos from the 
f<K)d paste itself, llowex-er, as far as I was able to jmlge from the 
form of certain parts of the anal region still recvgnizaldc, as well as 
from the pn'eu color of (be mass, they are prnbnldy skipjjers (Hes- 
perida.'), like those chosen liy the other species, of Synagrh. 

Wlieii the female lias ileeided that the grow th of Uie Inn a is fin- 
iahod, she walls up the orifice of the cell with earth, and, ceasing 
(hcirafter Unucupy hereelf with the prisoner, thinks immediately 
of the tilTspring wiiich sliould succeed him. She goes back to the 
original work of mason nnd builds at the side of the do.wd cell a 
new one of the enme type, which is immcfliately joined to tlie former. 
Afterwards a secondary coating is used to consoHdute the whole 
stnn tnre. especially if the eelLs arc already numerous. Their indi¬ 
viduality is IhiiB obscured. 

The new larii'n W'hich hatdics In this cell is nourished in the sfime 
manner »s before. In the meanwhile the preceding larva, in liLs 
wiitled-up cell, after remaining Inactive for some days, covers the 
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turthen walls wiUi u thin lajvr nf silk uisl bi wmiia 1 miiafnruaul into 
a pupa. 

At th« time wlicii the cell is closed and wlieii, cntifstMiuetitly, tlw 
feetlinji' «f lUe larvn lerininiites, the Intter docs Tint apjicur to have 
vntii'elj^' lost its desire for food. It devours eagerly all the animal 
prey w-liich is olTered to it. This mnkes it necessary to conclode thni 
llie iiiother wasp has a Ki»cial ijistiiiet which leads her to susia-nd tlie 
aliiuentnrv functions of llie larva at the proi>er time, ^^’^s shall sec 
presently, indeetl, that iiiuler i-crtain circiimstanccs slic herself delays 
the dosing of the cell and prp>longs fur n (.ponsideruble time ilie rear¬ 
ing of a single larva. The iiiiiect is in formed liy a veiy sjjecial iii- 
sliiict of the time when she slioidd weaii her offspring. 

Under Old in ary conditions nlMuit a mniitli is ivijuini'd by -S. rornuta 
to riMir lier larva from the egg to the closing of the ci'll in which it is 
contaiiie^l. Thus, at liruzKavllle my assistant, Mr. Wetss, detemiintal 
the presenee of an egg in a newly mtide cell on Otitober 2&. but it 
was only on Kovemher that the fcmiile began to dose the orihce 
of this compartmeiU, having fiidslved the feeding of her larva. I do 
not know the amount of tune which it is neeessarj' to deduct for the 
development of tlie egg in oi\ler to arrive at the exact duration o. 
the liirvol life to the end of feeding, ThL^ [Jcnod should, moretiver, 
vary u good deal acrording to liie abitmlnnec of the imurislinieQt 
which the larva receives, \i-sts of four ctdls are finH)iieiilly found 
in W'hicli the fii-st three cells nre wallc+l up, while the female has al¬ 
ready lupgiiii the rearing of a fourth larva and no hatching of Ihe 
ndoU has yet taken place. Sin™ as it is iii!oe 3 sory to count 20 dnys 
from the dnsingof the cell to the hatching of the adult lliere is iva- 
son in lieliwve that the larval growth was very rapid in such cases, as 
the tht¥e^ larva: werv reared bidore the cud of iho peri ml. 

At the iBleinilurj’ of the ctniiniissinn at llruzzaville, I fuUowctl 
the history of a nek which was la-gun tinder my eye at the begin¬ 
ning of July. This nest, whicli was built by a young female, was 
limited to a single cell until fletdier 20, when the feiiinto decided to 
wall in the larva and la:gin the instruction of ihc next cell- Inur¬ 
ing mure than three uionthe, therefore, the wasp was occiipietl in 
nunrisliitig and curing for the samei lan'a. 1 frecjiicntly saw it on the 
in*!d, assuring itself of the solidity of the cell, and inspecting the sur¬ 
roundings, evidently concerueil liy llie neceaiity of walling up tin) 
first cell and buihling Hootlier to receive tlie secoiid egg. I found an 
ex I linn at ion ti little later of the exwptioual length of this particular 
period of rearing a larva. 

On November 26 I opened the cell, which was cU>sed at this tinie^ 
and found the pi are of the pupa ooeupieti by a parasitic ichneomim- 
fiy. The slow growth of ihu infester] ti^naffriji was thus easily ex- 
plained. From the facts mentioned, the conclusion must lie drawn 
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that the feuMilc t'Ornala tin* |kiwer of re{rulatiii|^ the 

timo of IttvmjT ln=^r or rtt least of retiinlirsg the pr(K:^ t^onsiiler- 
ablj fer the befiL^fit of tha larva which aha nourjsjiea und caress for. 
She lie votes herself to it entirely ami does nut abamlon it in Jr^pite of 
the slowness of its evolution unUJ she knows that it no longer ueeds 
liar ser Anri'S, 

Ill this pnrlictilar ca$e tlio retardatioii pr™liirpil hy the parasite in 
the development of the tln-L larva pmveil fatal to the wlujie subse¬ 
quent pmgeny. The mother S^nagrh^ after having tin ally walled 
lip the lirst cell, commenced the coirstruction of the second nearly 
ihree and a half months after liio foniien After a day of toil sho dis- 
appeureJ and did not return^ It is probable that ^lie perished 
tlirongii accident and with her all Oie future line. This wais the in* 
direct result of the action of the parasitic ichncuttiou-lly on the tin?t 
lan'a, which occupied uselessly in ita liehalf the greater part of the 
life of tlie female. 

It la possible, of contise^ that the latter, warned by tlie presence of 
the paraaitci suuiirioned courage to begin a new' nest elsewhere, but 
the fmt that siie had i::^rumencod to bnild a second cell (at the origi¬ 
nal nest) rendera this hypothesis improhahle. 

The duration of tho pupal stage in ct^rnufa approximately a 
fortiiigiiL From ono celi, which w^as closed on Dcccinher 13, m 
adult einetged on Jununry 5—after 23 days. It is net^ssary to 
flednct from this period the time nccessarr for the Ian a to spin its 
coixxm and transform itnelf into a pupa, which may be reckoned 
as about a week In order to escape fnim its prison of earth the 
adult Synaf^rk moistens with saliva, In the usual manner, the ball of 
earth which closed the cell, and the latter, softenei! immediately by 
ah^rption, 3 delds at once to the pressure of the captive wasp. 

Tli£ Following in iliis respect the habits of idhcr Htoich- 

optera, the males of Syn^^yris e&muta take no part in die protection 
or conslnictlon of the nest or in the iraring of the young, not with¬ 
standing the threatenifkg armor of their mandibles^ However, they 
do not remain entirely ignonint of what piuwes; they ins^pcct the 
young and visit them daily. Under the ix>of of a hut at EiiizzaviUe 
Mr. Weis and I noticed several ncsta of Synayr^ji fixed in diifercnt 
places and sufficiently difficult to find to require search for some 
iiioment^i in spite of certain iiidicatious. One day 1 noticed a large 
male of this species which tlew lihoiit slowdy, examining tJie iicata 
successively, moving with certainty smd witliout any hesitation 
toward each of them as if it had known for a long time tlie exoct 
location of eack It stopped for a moment on n iiest>, disregarding 
the open cclk and touching and examining preferably the cells still 
Walled up, which rtmtained pupa?. This male evitlently came to 
watch tile emerguuoe of the young fetmiles, and the exact knowledge 
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irhich hp poisesstHl nf tlio iliGtributbn ut ttie leads om to be¬ 

lieve tbot he eamie out of one nf them and retoriie^l fi-eqnenlly to 
the place of hh hlrth. At my suggestions lln i au^lit this 

mate and in order to recognize him removed lus left posterior tarsus. 
Then he was set at lilierty n^ain* Tar stone days the inseert. cknilit- 
less hecause frighietied, did not mippear, but the foUtnvirig week he 
was cji[>turt^d agirin juGt as ho was returniof: to nnike Ids usual in¬ 
spection- It may Ire siiUh theiefore—and thia is a chamcler which 
tlistingniidies this specie^i from all other eunienids—tliat die males 
of romtiia are not entirely iiidiirerent to the work of ihe 

femides; thiit they kiioiv all the nests that ai’e to he found in a giv-en 
area: and that they visit them re^jlarlyj doubtless for the piirpcaic 
of sei>^iTig the females when they emerge, Kseept for these brief 
visits* the mnlcft are never seen abotit the nests. They wander lit will 
outride of habitations in tire hush iiiul build noMlreller for Ihemselvef'* 
T\lien two nuiles meet on the same nest they attack eacli other with 
open jaws, rope! each other with their lurge pincei^ and strive to 
tlinisl one aiiotlier away. The Jir^t comer usimlly pnaiiitiiins the 
advantage- It is principally for this that the formidable piucer^^ 
which are developed on the mandibles, as in tlie stag beetles, seem to 
serve, 'rhey nn* prolMihly si^condarT sexnal idiarncters nither than 
real or|nin& of attack and defense develope^l by se.vual selection, 
^vhich give, those who have them an authority over the nests^ and 
conss^H-piently possession of the _voung female^ It is prohal>lei also, 
that tlwy play some role in copulation. Nothing is more variable 
among the individuals reared in the same nest than tlio sixe and 
fonn of tlieso large pinoera. Some males are entirely without tlicm; 
oUiers bare them narrow and short, but. very sharp; while in nihcrs 
nguin lIiov reach iixtraordinary dimensions and provided with a 
bhint tooth near the middle. They represent a sexual character 
which is rint yet fixed, over which hovers the mysterious phenomenon 
of variation- 

It is w'ell to remark that this s^tion of the genu^ which 

is very shnrply differentiated from the others by tire form of the 
mandibles in the malest is also completely ^oparatoil by these bio¬ 
logical chanicters^ It is e,vtremely prob^ible that the mode of feeding 
the hirVH' witb fragments, which is exhibited by 8, occtiiTi 

among the other 5rpecic§ of the ^me group. Viscount do Biiy^n 
(ItXWi) has ijuite recently made known a nest of 8. a new 

species from the Congo, which belongs to the section of S* mmT/^ri L, 
and iS, pw^erjHtui flrib. This nest is preci^^ly like that of S, cornnhK 
I'rorri one of the compartments Didier eitmctcfl ii larva which 
WHS isohitei] ill. Its cell witliout any debris of caloipiliars which had 
served as food around it, such as are always found in the cose of those 
furms which do nqt fireil iheir young with frugmciits. It may be 


SOLITARY" OF !^YNA<jBTS-EOUBAUU. 521 

iiffinried, in my opinion, without hct^iiatioti, that ihijr species in hio- 
log-ii'ally of the ^ime pronp oh iS. ^ormita L. 

Ev&hition of tk^ s&Htan/ urmps ,—^llw hinI<j|noal 

}ustory of the sjwcies of Spniigrt^ jwnnits to sice, within the iiiiiitis 
of a fnn^ift genus, iijstioet cl<jvelopingf from the provisioning in niii&? 
clmmeterietii; nf she urdiimrj' type of euniouids to ciintiniious pm- 
vialiinihg., and finally to the feeing of the larva' fi»in day ti> day 
after the mode of the which live in coluniys. finil votn- 

blned in n singular matitiGr m the same type of wa^n:ps the priticipiil 
steps which load from the primitive instirict of the sfditari' was^ps to 
the much more perfected instinct, of the social wasps. 

Ry reiistni nf the facts which we have brought forwanh ii should 
Dot Iw thought that tlic habit of iiourishing the hii*vi;i! from dny to 
day nil cfttcrpldara ground Into a which b eustomiuy oinnng 

the social wasps^ may represent a primitive mode of provisioning 
peculiar to wasps which do not know- Iiow to make use of the sting 
to paiulyitc their pre)'- It is, on tlic contrary, inanifesth'' a iiiodi- 
fits! form of iha instinct of provisioning found among the wasps 
thttt paralyze their prey which forms a complete substitiite fi>r these 
hereditary- habits. w4iile at the same tinic maternal attnchnient and 
caring for the progeny are developed. 

This conception is a little different from that of Bouvier (li>Dl), 
w'ho ri»garde<l the habits of the social wasps and tlie solitary wasps 
les derived from a commoti s^mree^ this source ]m\ng a species with the 
habits of lineduht jmnetfitii, wliich kills its prey without paralyrlng 
it and provisions its ne?t nontiimoualy fmm dny to (iny. ITctice, the 
habits of theso wasps are to be regarded as having devcloiH'd in two 
different directions, tlic social wasps preserving the habit of killing 
their prey and provisioning the mst continuously (with slight modi¬ 
fications). tliij solitary wasps a(i|uiriiig^ on tlie contrary^ with the 
habit of pamlyzitig tlieir vietimt?. the possibility of provisioning tlio 
nesi all at <aie time. The evolution of instinct in whidi we 

have lieen uUle to follow, leads to different coiiceptions as regards the 
wasps. FihkI ihg the young by mouth fids with caterpilkts ground up 
into a paste repre?tent.s the last term of an evolution of the rearing 
instilid:' the initial form of which is a slow, progressive, and ccuitinu- 
ous proviaioning with paralyzed prey, which jiermits the mother 
wasfp herself to watch tlie grow'th of her offspriug^ 

Til the imxie of rearing the larvu -sc> higldy piiirfcctcd id iS. eornutft 
may lie seen tlie direct bond of union Ijctivecn the solitary w^aspa and 
the social w^asiTs* To understand how tlio final tdago of evolution 
is reached by tJio latter it is only necessary to observe the colon being 
tendencies among the solitaty wasps, which employ continuous pro¬ 
visioning and noiirisihing their young by inouthfuls. Wc have already 
noted in SytKiyrh stch^dima the asjjociatloii of uest«, wbkh is also 
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fre^nienlly found in j6 ^ Om? nioy bi! pEniiitted to kw in 

the$?e nggTvgniions the ixjgsimiiigs of ii^^ioeitktion ki colonic^s- such 
ubi diiTpirnt autholv have 4jb64ir%ed; for example^ in PtyliMc^^ (Mur- 
chjil, 1^^W; l'>rtoiiy 1901). It is JifEEndt to siiy whutker the^c asso- 
ciL\ticinij lire putvij and entirely ilue to druncej whether the dilfeix^ni 
gtoii|>ed tire miide by iiidiviihials wliii-h iLtv stnifij^'ra to one 
unotlier: or wliether th^y nre nol nitlier mad© hy mdiA'idiuib from u 
single nest which build their cs^lls iu proximitj in tliosc in which liiey 
are born. If this hypothesis has not yet been directly verilieJ, it bits 
at Icjist the apj^earaTjcie of great probabiUty, Oiit^ nmy ai:lvanoe in 
its favor the instinct of knowledge of phices which leads tlie males of 
S* c^TOu^fl, for examplfij to return frMnicntly to the same nests and 
watch ilmti clo^sely. It may be asked why it h not ilie same as re¬ 
gards the feiuak^, and whether tiiey mar not pi^swe?w somo tendencies 
to build by prcferem.’C in the Wcuiity of the nc^Ls in w hich tiiey ivene 
Ijom, We Udieve lliat sudi Is the fart, ntad that certain of 

these ai^uciatiojiis may be interpreted as the first step in the evolution 
of tlic imstincts of the solitary w^asps in the direction of ttiosse of the 
social wasps. 

Pti/*mit€^ of —^Tho nests of SyMoyri^ may ho invaded by 

different insectHt merely commenfsals wdiieh use only the cells 

of ohl n««ils in wdiieh in tlieir turn to rear their young; others, genu¬ 
ine enemko that fteek the larvae of Syaofjf'iif in order to prey on 
them* Tfie usual e^jiumensals of the nests of Sj/tHtyns jire sometimes 
solitaiy bees of the genera Oem^ etc,; sometimeii i^pider- 

wusjis (PoinpilidaO^ llio majority of old nests ar© occupied by 
these hymenopUTa* somctlnies isolated, sometimes associated in the 
same nesL Occasionally the nei^t of the spidci'-wasps Isj made on the 
cells pi^^viously occupietl by the solitary^ 1 >c?ch. 

One of the most forniiduble parasite© of Syuagris is an iclineiimon- 
fly. O^prynchoitfjf Brulle. This insect has a wdde distribu¬ 

tion in Africa. Tlie Museum of l^aris emitaints specimens of it from 
Dakar, Casntininoe, Muzandiique, British Eayt Africa, the (jaboon, 
and the valley of the Zambe^ii. The Ur vie of thi^ ichneumon-fly 
fpL 4, hg^ *2) infest thctie of several species of I have ob¬ 
tained them from S- eornnin and It is probable that 

(hey attack all the BpederL We have called ititentitHi above to the 
diso^-trons ellctrls us rcganls die Jevekipmcnt of tlie whole of the 
kter progctiy of the wa»ps, due to the attack of Oifprynehotiik on 
the first Itin'a in a ntsat of comritu. The great rv*!tardatioit which 
rcstiUed in the developmunt of the paru^itized larva delaved the 
Irtiildlng of new cells and prevented the mother wasp, which w*as 
entirely devotei] to her fatctl offspring, from rearing neiv larvae^ 
Lhflt cuighi perha|rs have escatied the parasite. Thus, the very i^er- 
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fection of lUis mnteriHi! uistiiu-t, so highly devBloijeJ in tht specie's of 
of the gTf>iit) to wUltli ifoi'iinffi Iwhnig^i in this Liistance 
append the itiauspickiiis infhienc? of im isolnUKl ease of piirasitism 
over the whole neat, with disasterous results, 

111 St/noffria eortmta the instinct, though so much perfected, is 
inferior, from this point of view at least, as compared with that of 
the other species which do not follow the pnietioo of feeding tlie 
1 nr VIC from day to day in a manner so ctnnpleic and exclusive. On 
the other hand, the ortlinary proviiainning, ronskting of blindly 
burving the egg in tJie miilst of a qiiniitity of fiaal without care of 
liny kind on the part of the tnother, ako presents, us we have seen, 
other disadvantages. It k nr indirect pannsitism which in lurii 
pWHluces unforeseen odects. The cuterpillnra employed for provi- 
sinning may Ih> lufcstcil by Tacluna^fiies, and iienre unavailahlo as 
fowl for the larva of tiie Si/iiaffrh-, which is condemned to perish, not- 
witlistanding the deceptive mfljss of provisions with which it is sur¬ 
rounded. 

.-Vnother parasite, less common than the last, whicii has thus far 
been observed only in the nests of k a magnificent species 

of beetle of the family RMpiphorUltr. which k also a mortal enemy 
of the larval of this wasp. At present 1 do not know iit what time 
it penetrates into the cell and begins to attack its prey. 1 robably 
it waits 11 util the wasp walk up the cell and feeds on its host only 
when the latter lias censed to havo recourse to the maternal care. 

Finally, tiie adnlts ihemsclves may be parasitized by the larvso of 
Cliaki^iiics (small parasitic hymcnopteni). 1 observed at Brazza¬ 
ville for more than three montlis a femnle of cCl^»^lta 1^ 

longing to a iiest consisting of a single cell, wUkli reiuiiineti in its 
nest without laying eggs, until one day I saw emerge from the ex¬ 
tremity of the abdomen, which extended outside the nest, a small 
white active larva. A few moments Inter another larva ap[)ear«l. 
iitid, like the preceding one, dropped to die ground. I then captured 
the Spnafffit and discoveml by dissection that tin- whole liotly ca^nty 
was infftited by sniiill Inrva; similar to the first ones, which were 
doubtless prepared to eiicape by perforating the nrticuhir membrane 
of the posterior segments. These larvie (pi, 4, lig. 3) were diarac- 
terized by the presence of four pairs of retractile paeiidoijods on seg- 
metits 5 to is of the body. I was nnalde to ascertain the adult form. 
The larval were tninsfurnied into pupa? in a small oucoou soon after 
lenWiig the body of tlie host, but they did not emerge, 

A noteworthy fact in thk instance was the sterility of the parasi- 
tiKccl wasp. It was oliserved to be incapable nf laying eggs, and dis¬ 
section allowed that the ovaries remained in a state of immaturity. 
This was a clear case of paniiiitk castration. Xo doubt other para- 
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sites t>f exist, atid utie muy exjjeet to o^rEttm very 

interestuiti: f«cts iiegBrding tlie'ir life. LLstory, It witiilcl \ye desinible 
in extend tlie sliulyj wliicU in fiedrcoly more Ihaii begun, as well ns 
to confirm the Uiiftoiy of the different s{>ecies of these sfjUtnry wnsps. 
The brief rc^archeH which I was able to make during my stay in the 
Cotigc lead me to hnjie fnr conHidenihle discoveries in the future in 
i'Ounccti<»n with this subject* I slmll be happy to hnve turned in this 
direction the efforts of African natumlists. 
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A COXl KIBUTION TO TIIE ECOLOCtY OF THE \DTTTjT 

HCUTZINV 

I Wit h 7 iil4iEeA. j 
By C. WIJJ4AK Hkkbe, 


INTEODlJcnOX, 

The strangeness of life nnd sfnictnre nf Uiis binf have maJn it 
classic ui tile ni,nab of oniitliologj*. and because of this claim upon 
our *[‘^>^1 offer the present, article as a rfmuni of o«r present 
knowledge of the habits of the adult hoatzin. We are still iguonuit 
of a con-ndmiblo jmrt of its life LLstoty. althmigli there b .mall 
MCuse foe this, as the bird is sedentary, abundant wherever found, 
nnu tamo to an absurd degnw. 

Hf! *'*'''*^ opportunities for observing this species In 

bfc ohre m Mandi, IJJ08, on the (Juarapiche Kiver in northeastern 
^ciiwuela and agum in April. iiK)9, on the Abary River, British 
Lruiana. On neither occasion were young birds to be found, so mv 
Rot«s rcsfpr solely to the ndnits. 

AUhougli it is not tny intention to discuss the anatomy of tho 

Fecidiarities which e.vert 

tin in^portant influence upon its huhits aiii] 

^ ia Iiffliiined the stniciurc 

gis^znrd in other birds. Tt has increawd greallv 

M ilu * 1 fflandular, are 

f«r of an organ situated 

part of the keel of the sternum, a condition unique among bireb. In 

lancing the area of attachment for the i>cctoml muscles thU etiansw 
has railically affecterl the power of Qighl. 

In spite of this specialization, there ig no doubt that the hoatrin 
ifi an ortremelj ancient and isolated type, and it has ^'e^v properly 

^htw ‘V 5 t*>f-Opi«thocomifo™es 

Combining, as »t does, Hm characters of se rerel orders, it is imp^ 

.^iS: rsz 
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Ahlu to indicate itj^eorrcci ponitiun in a lineiLr dai^iSaitioii, In bitch 
aitificJal, twfj-plunc, g^ncalogiciil itr han l)eeii varioiii^ly pbci?cl 

bintw&eti die gauie birds iind the rail.H* 1>etweeQ tlie pigroiii^ and Llie 
ruils; wtiilci it has certain affinities with Lhe-pliintaiii eaterwy anti the 
vciitigLal daw on the thinl di^^U links it with the primitive Anchae- 
optciyx. 

Another chiim to a primitive condition U found in the quadrupedal 
Jin hi is of the yutinff. These, by means of unusually devebped foro 
limb and tingei^, and csteniol claws on the first and second 
are aide to dinih actively about the bushes. They also swim and 
dive welL 

illBTOaT. 

More than 250 years ago lltmiiiiidez, in liis Nova rintitarimij Ani* 
malium ot Minendium JMcxicanorum Historic make-’^ the first 

authentic mimtion of the lioaLziii, wrlling in Latin as follows ! 

Thu! tiuaixln, a bSrU atterina a eiitiaiui note', i^inuiitliii: Inic Up ohMil-v 

TUlH Sk a bnu lit alkPUl tlie Hire of nn liaLlati ftwL Itn beal^ Ib Lair\'«lj Jta 
brtflPt Bhnav^ fJfoiu wUm* to IpyfT; Its wSnK# ami tnlt are sjioUcU wtlU wblto 
nt inlenatii of ft Ummb’s Icngtli; thi> back of the ui>i>i>r jwirl of fie ise^k la 
yellowp elinillng Iijto btaetUaU oa biJLh sldefi nnU mtcntllni; as far it^^ 

tLe Iwak 11 nil ej'iis; tlie ctpwa are hlsiek ami the Wncklnk The lilnj lararM 

a Httltulr cn^t of fufttlierH, vnr>inif ftom Vi hitv to ycllowlslir the back of rracb 
fenllLer, liuwcver. lieini; blnck. Tlie bSnl kuIjhIsw u|«jn aaaki^ It baa n iK>wer- 
fol voice. wlih'Ii rt*iH^inUh-« a tow'llng or wjuniL It is limrd In the 

nulninn and In beJH lnmiFi[>h-'loisM by the imtlreE^ 

The licpncn of tUla blnl fellcii^ ibe pals woTiinla la any |Kn:l of the hyiaaa 
Iwdy; tlje odor of the i^Uiniftigi^ n?fttunra hrH|)e to Ihioic whn, frum cUseafie^ are 
i^cfidlly wnfitlog awny* Hic aahra of the fnithe-rH wliuu devoured retteve the 
galiTc Plck-i 3 efl 5 i acting tn a wonderfiit mnimer. 

TtH* hlnl Uy^ la warm regfonn, aueb u» %’atlhU'[peeeyrtE#4^ ^-iienilly e^labLlKli- 
liig If^solf Iti trees grvwlnir along the tmnkH of tlie !fln*abi-i. whori? we, having 
{pb^‘n‘ed U. raptnr^l it a ad umklng a lircLwIag 4if kepi [i nltvf<L 

Witli sIk^ exception of tlie description^ wliich h fuirly ni?cnrate, this 
quotation L interesting chiefly l>ecaiL^ of diuracterii^ikidly medic- 
irtl siqx?rstition. 

One hundred years after the account of HcriiandeK, Hris^ion (II) 
wrote a cagtio and plagiari^.ed description of the Now World bird 
w 1 dch he called Ijc I locco D m It de Mex H|nc (f7najj fki*styj^ Fn rd a ) * 
I [e salt!: 

It Ih ncarh' aa InrKc m a fcnuile inrkf^y, Ita head 4i eri?**i coiniiwanl of 

Amihiirj^ which aro yidlowlati^wbilif qlKjvc and bJack liutovi.v The of the 

heail the lyifper |mjl of I he nijck ami twick are naitllslebrowik The brwietf. U 
yellnwlKli-whlte. The wtuaa und tall are varied wSlh white and jeltew, and 
lhar by tfiwda of a rhumira letigtli. The fret are brown and the claws hlnck- 
]| feiala iiii sHTtrentii. It la found In Sdiutluo, niul ehledj En ilw hottiait parlR 
tl iM?Tcbt!H ou ihi* treeft which nine found along tJa^ rivers. 

Thi- final sentence Is ndmirahle^ hut tui the bird is a vegetaritm and 
is iitu foLtud in Mexicoj and aii Url^soii sc^smed nillier color blindj 
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little cfciji be Muifi as to the r of thu quotalioi^ whidj I oJfer 

from tliiJ attaching to very early aewuntii. 

As iji tito abcim iiistatice^ the mHdoiirRi;ii:!^ of the pioneer omitho-^ 
legist Ilerriaiidez have been repeated^ and, Uadeedf cnlarge<l upon by 
a'aeceeding xmthor^^ Thns Latham (sJtJ) 33 later informs us 

that the"" Crested plieasant inhabits— 

aail jwirra tuIJncTTit, where ft feeds oa ii Imwlliia kind 

of ool3e+ luiil le fattiM in trees near rlvercij la i^eceimted no anlaek>' bird. Slot 
witli L-lUettr In die aiitniuD, nial Is iwlil lo i^roiioiiuce ii seund not uaJlke tbe 
word ** learn fteui oliierit llxat U nuij Iw itoniefftlcaLud, otnl 

B^n to tbjnt 5tato anicmjr Uit^ oatl^'es^ and futlljer that It feedH on nntjw wonnSn 
atid other loReet^ as well as snakes. 

In 1810^ about 60 years after Hrisson's aeeoimtj Stephens (47) 
Touehnafes the following information conceniing the noat 35 in 
sorppjit eater ’•: 

It tnhablts Galana, nad b# found on trees none river* j tu fooil eoneJ^ts of 
aralns and neeila; It will alflo eai Injgccta and serpents- It liii?^ a bnwllau+ die 
agrMihle note: f|e*U hns n ver;>’ dlRn;mHMil>Je smell {probnhly eautieil by 

the quality of Its fOMl) and 1* coDseiiiieiitly not oateti^ but used by tlio 
asbe^ieii to ™teh eertaEu ft*be*. 

Even the writings of recent observers on the spot, with every op¬ 
portunity for good obHervationn, are in some instances totally mislead¬ 
ing. For e^gimpUv Peiuird (34) tell$ us that hoittzins run mpidly on 
the gniiind, s^vim %vdli and ^Meven in giwte tn>e|>eu van honderden 
individuen.” 

kahe, 

Jliiller (28) called the bird Pfuisiamf^ Itoa^n^ and although it was 
fsOoti removed from that geims, his specific name still stands ar?oepted- 
The name hoat^in, hoazin^ or hoaetzint as it is variously spelled, re¬ 
fers to rferuandez''s (22) account, of wMcti Buffon (13) says: 

voice I* Vfsry atronj?, and It Ih lew a ay tlwm a bowl. It Is e^^Jd Uiat it 
praaouncpfl Its name (bofttain) apparenlly in a sad and mournfal lone, tt fa 
no IfiuKcr neccesary to make It ptt*P with itu! common people for a bird of 111 
omen: And idnee o^ayw-bere a ijreAt dm] of powc^ Is usaljqil^ to that wblcb t* 
feared, the Bume people hax^ tbouabt Ut find Ui Jt reuiedlea fnr tbe grnvaat 
iuji]ndleaL But It Ifl not said tbnt they feed tbomBolvcs on II They abstnJn 
froiQ It In fart, perbaps nen result of tlie mmo fe^r, or becau^ of a Fepiiacanco 
foundod an tbc tbet that it mako* Its onUnao- food of wrpentBy It stayn tisiT^ 
ally In ttie f:iwt forrstii, t^rebed on tbo Ifvea alnnir tlio w^nterp for wntehlne^nad 
&uii5flsln(7 these tent!lew, It la found In the bottost pitrta of Bommi- 

adils tbnE It itppeaT* In natumn, bo that If la n mlnmtory bLnl Mr. Aublet 
as*urf>n aw thnt those btnis becamo tamo; tlint Un^- are sobietFmea ¥»wis In cap- 
tivlty In ibe liouiKa of the Indiana; fund tbiifl Fmntx^la called tbezu pcnfowl, 
Tliey feed Lbelr jouti^ on wonuAp and ether InaectR. 

Much of the chann of thi^ wholly uiacoirtitc and altogether 
ddightftil aiwunt is lost in the triuislation from BulTotfs nnUve 
tongue. 
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Tho pm<>ont generic name OpiatkocomuM wn# given l>y Stctibcns 
(i7), referring io the Inng, waving creetj hfzmOb-mitO(t wearing the 
heir long behind^ or lUemlly, IiAving hair behind. {^eaStt/y behind, 
the hair.) 

TgnorJiig the varioiie bi74»ixe nppelintions given to diiti speciea by 
wriier^ uf the Jest century, we may review the common unmea in 
lUie to-clAy« 

Quelch (38) writes 20 years ago: "The liouixin is Ifiiown in liritirfi 
Guiana by tlie various names ’Anna.' * Ilanrin.* *C'aiije ’ or ■’ .‘Stinking 
plieasauL,' and ‘ Gorarnor BattenborgV lurke 3 'S*; bui in ike dis¬ 
tricts where it is found tlie nnme * Hannah' is tlie one most t^oniiiionly 
used/' In a rerent trip to the above-mentioned colony I lieard only 
the name Canje plieasniit" used, ulthongli 1 dbscussed the subject 
with ])eople of many classes. 


Pltl. 1.—mitrUfaUM of Ibe HMtilP. DJI ter aa kDowa, 


Among the l^ortuguese of Brazil the hoatzln is c&Ued Cigaiia. 
meaning g3’p5y- and Catingiieiro, signifying odor of the negro. 
tKb Tiio^h nf speak of these birds as Canje Fazanien, while 

—, ...... euphonious name of the Venezuelans hk Guadmracas de 

Aqua. They also call it ChincheoB, while in Bolivia Uie hoatzin 
la known as Loco, or crazv bird. 


oiaTRjBrriox, 

Tlio little we know of ita distribution shows that the hoaUin is as 
leniurkablo in this respect as in other phases of its life histo^’. 
.Sharpe H5) gives its range oa follows: .\mazoiiia, (iruiiinu, Colombia, 
Ecuador. Peru, and Boliva. Thia is verj’ misleading, bow'ever, for 
certain factors enter into the qnestiDn of iDh&hitable territoir which 
require more detailed reference. 
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(34) ^ writing of thi» birds of Dutch Giiianfl, gives as die 
Icical distribution of the 'MVouden en terreinen woar Arum 

arbot^sam^ grwil.’’ This is certainly not true as reganls British 
(juiuna^ The great heait-shaped leaves of that Arum are seen along 
the lower reach^ of every coastal riiw. yet tlie hoat^iiis are rniifinefi 
to three streams, two of which are little more liiaxi creeks, iti the 
extreme eastern portion of ihe colony. These are the Berbioe^ die 
Canje^ and die Abwr^' liivcr^ 

On I lie Abarj* one Ims to ascend about 20 miles from the coast 
Udore hoatzins are seeiSj and from here on they iire scattered at 
irregular iutcrviibt for S or 10 tiiiJes, coniined exclusively to the 
fringe of bushes on tlje windward side of the cn^k. So when wc i^ad 
that the hoatzin inhabit!^ Bvitbh Guiana, instead of ttiinking of it 
m a bird of strong Uighl. whidi traverses savannas and forests^ 
must realize that it is to be found in only the merest fraction of 
iho colony* 

Taking again the large area dminetl by the rivers |iiat. north of the 
Orinoco delta, one finds hoatzli^ ab^^iit except on Lbe Rio Guimi- 
pjcbe, beginning 2 miles bdoiv the village of Cano Colorndn. 

I append a list of the locnjtijes from which boatzmsi Iulvc been 
recorded. Their isolated chameter^ while doubtless reflecting our 
faulty and hiudequate knowledge, hints abo of the remarkably 
sporadic occurrence of these birds: 

Celflcjblfl: BoifoLii, Sclatfiv HO), 
l^inUorE Rio Cepala^i, C. 

Pera^ 

Caj^blboya. Set, ^ (42). 

VauLtofl^ Berlerwb (7>. 

BollTla: l^wur BeaJ Ktver, AUea (t), 

VeDezuela: 

Caa^ del Horaadiij 

OrUioea from tbe deitw in lili> Mtrta, f'beiTle Utt), 
i^alada, Clierrle (10)* 

Aiifa>erLira^ Iterlepscb {?), 

Cali?flft4 Herle^tseli ami llartert 
Guanirlebe tU\^cr, Bcetw (S>* 

Rio Gijamir<^ Bliu^liam (tO). 

Brttlet] Gatnno: 

Estuary of Berblce^ Brown (J2>, 

Berbice, Sclater Hlb Quelcrb lag), 

Abary Crf^, Queldi lin")* Beeinr (d>, 

Dutch Gainiia: 

Maroal River, E^rrla 
[adednlte, Fctiiir4 iIJi). 

Freacli Gulaua: AupraimKiie, ncrlet^^ieb 
Brazil r 

The homab la^ma to be abundaui locoIJv ^ la the marahv re^Joca wlUch 
iK^rdpr the Amasan and Its trlbararlWi,^ Goelrtl (120). 

Pant, Amazoa, Uto Xegro^ Hlo SoUaioeaa, Aatleti (2)* 
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BjrtixH^Cjonl Suued. 

AteJJ3U>!m Lufertor^ E*T. do AmuK^inlJiiik IWO liiruA^ von JUerJug ( 25). 

Sjiiilnr^'Ui, Folzen (3!)). 

Umi^r Bln Cjii>ltti* Gookll (21), 

ObSiloA ^Int€^r* 

^IiTiliJu IJidAncI^ Ulo AsuMju, Blinflinm. 

The lower Amii?jOTi may thus Iw eoiisideml ns a center of dintTibii- 
tiOR fnuii which the birds have wlowdy extendwl riortliward into tht! 
<Tniana.s iiiui thu Orirn>co region, northwest to Colombin, w'est to 
Ecuador and Perut fioiith’'Ve?it to Bolivia, unci south to tlic vorioufi 
tributaries of this of rivers. Not ono of thi?w! local it ies is 

sepanood by a real w'otershwj, anc! ^11 arc in commiiriieation with the 
Ania7.on either !jy direct tributaries or by niiirshy itaboSt or river 
jaincrs* 

CENIOaAL APPEAILVNCIL 

As far as general appearnnee goes, the name pheasant ^ is not fnf 
amis5 when applied to thy hoatziii. It tomea closest in general aspect 

to the chnchnbc^ii-s hut tlierr is some¬ 
thing strongly suggestive of n peacock, 
especialW in the carriage of the neck 
and head, Tliis is well shown in the 
positions of some of the Individimb in 
plate X 

Afy descriptions are based on 15 ndiili 
hoatzins from the following localities: 
Giudiid Bolivar (D)^ Guanipictie (1)5 
Bogata (1), Bolivia (1), Peru (1)^ 
Amazon (1), Ab0rT*British Gniann (1). 

There is apparently no distinguishing sexual character and rc^ 
markably little variation in size. Ilowever, the bird which I col¬ 
lected in the Guampiche^ although adult, b dbtinct from all the 
others in color: and if these characters should be foinid to he constant 
in other individuals the birds in this isolated locality would form a 
distinct subspecies* 

Thy beak of the boatzin is peculiar in shape, and a better idea can 
Ixj obtained from the ontliiie drawing than from the description 
*i3oue. The mandiblea arc deep and wide^ the average lueasnremeots 
of 15 specimens being as follows: ciilment 29 miliimeters; depth of 
niaudibleF at gape, 22 millimeters; width at gap^. 19 millimetei?:. 
The striking character of the mandible is the shortness of the gonys, 
this Uing only about fl millimeters* or one-fifth of the total length of 
the mniidibles. The iiiaudibles are slaty olive, lighter on the edges. 
The nostrils are round and placed about midway between the eye imd 
the point <jf tlie beak* The sides of the head are almost bare* being 
coTored only with a verj' scanty growth of black. l>ristleliko feothars 
on cheeks, aarA and lores. Two rows of these function as eyelashes. 
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The bare skin ntxxit the ej’es is Nile blue in color. shudLri»f into cubiiU 
oil ihe oihiir nnfoutliured parts of the liead, Tlie irules nrc rumimv 

The bristles on lUe upper lures point upward, their fi|w httcHoek' 
jiig on the forchecuL Just Ixick of thrin Ik; gins the long waving crest 
which is such u marked diameter of this species. The crown feathers 
are rcrldi.«h buff; in those on the occiput the buff darkens and Imromes 
a aim ft stripe, while tlie edges and tljHi of the feathers are black. 
The longest measure iibout i inches. The frathers <»f the upper 
parts ns a whole are dark bmwu, witli a diatiiict olive-green irides¬ 
cence. The feutJiers of the nape utid neck Iniie pale. In iffy sliaft 
striiM's, this color cliflnging to white on the mantle. In goinn speei- 
aeiis the S(ai|iuliirs are margined with white. The outer edges of 
the Ihunib feathers are pnle btiff, oorrasjiomling in shade to the 
feathers of the chin, throat, and breast. Most of the wing coverts 
lire tipiied more or less broadly with wliite, forming three distinct 
wing bars. 

The under wing coverts and primaries are of a ricli maroon or 
ehi*stntit; this hue being duplicated in the feathers of tlie sides^ belly, 
flanks, and most of the under tail coverts. The tips of tlie primaries 
lire olive green like the Inick. and the under and upper tail eovertsare 
black. Tlie tail mnsists of 10 feathers, all of which are lipped with « 
broatl l*ftiid of huffy white. 

The hoaktiu haniioniaes well with its environment, tJie dark iip|ier 
color and tho splashes and sjreaks of white ami buff breaking up its 
iKxly form into sunlight and shadow, ^yhen sitting quietly, either 
perching or on its iiesi, it is cjctremely dillicult to detect, and its fear 
of hawks shows that this concealment may perhaps ser>'a a useful 
jiiirpose, 

1 he most interesting thing about its coloration U the tvay the (tifors 
of the under parts are carried out in the wings. 'Tliu pale huffy 
creiini of the hn nst has spread, os it were, over the hrtuid wrist edge 
of the wing, and the ricJi chestnut of the Iwlly has infiltrated through 
the lai^r flight feathers. It is most ilifflciilt to account for this 
comdation of limb and Iwdy jHittems-^ft condition found in many 
reptiles and insects—but it seems to empliasixe die fact tlint some 
important environmental factor or eniise must be concerned witb thus 
apparently dmN-tive evolution of Just aiicli colors la-ing iiirangcil in 
just such pattenis on totally differeni portions of the hmlv. 

\Mien the lioalssin is once alarmed, silimueltcd agaiiU the sky, 
with wings and tad spread, and crest waving, no more conspicuons 
object Clin be ijiiiig'inod- 

The total length of the hr^tisiti U about i[i inches, the wing 12| 
the tail 12 , tursiis % middle toe nnd claw 3, ^ 

The single specimen already mentioned which I collected on the 
(inarapiche differe from all the other hoatisiiLH 1 have examined in 
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having no bulf on the crest^ this color being replaced by dark rcildish 
chestnut ; the butfy cream of the breast is darker, while the edges and 
shaft lines of the wing coverts^ mantle, and scapulars are buff iiisteud 
.of white, and die lower parts instead of maroon are raldish buff. 
The bird ia altogether unlike those from other parts of South Am er¬ 
ica. It is full}" adult. 

Summing up the hout^in aa a whole, we have a bird aniail of body 
with small head, short* curved beak, long, waving crest, and long, 
slender neck* The body pin mage is loose and disiiitegratc<l, tbe 
wdngH and tail large in compiirisou with the body, and of ntroiig, 
well-knit feathers—all the more remarkable when we consider the 
weak lUght, soou to be discussed. 

The Khortne^ and stoutness of the beak may safely bo correlated 
with the toughness of its vegetable fowl* Its short fwt rather belie 
their strength, as tln^ bird seems to have little rt^al [jower in them, 
and U forever balancing itself with wings and toil. 

rAllABlTrj 4 . 

The tmpleasant odor wliicb ebarecterkes lioatKius seems to have 
no effect on their insect parasites* and the cheek btislles are often 
eiienisted with umsses of the eggs of su^^eral large specks of JIuU 
Inphaga. 

Xo thorough work has been done on the eternal parasites of this 
bird* but 1 aljtaintal three sfiecies of Jhlallopliaga fnaii the hoatzin 
shot on the Guarapiche Siver in northeastern VeiieiSitela. 'Two of 
these insects pre new spcrlcts iind I have publiMbc<l their descriptions 
in Zoologica, voL 1, IXo. 4. 1 am indebfe^l for their descriptions, 
and the following mn^ intensting notes, to Dr. Vernon L. Kellogg, 
of Stanford I^niversity, 

Concerning Ibe 0|dislhocQiuns ^[uib»pinigii, Dr. Kellogg says! 

Tlaj tJinee urieelcs are: 

{1} f^urluit Nltjwcrli.—tferi*[Eirnre la ken froiu ntiil no 

dtber taral. 

(2> /iipearajf* nov.—I d like group e/pprafa ttUirm wUicU in^up 

tuift beeti fmmd beremfrire only on Diarltiiike MrOn, 

Colporrpidififft nov.—An oximoT^liiaTlI^ spliij iMpaat, ma miucIi like 

naylblDg olMi 111 tUe renuB. 

I am ^lEHiii^koliitcil In Oudlug tUefie two new a|i«c1aB- I laolte^J lo Ond known 
immalten llmt mlglil* their reSatloDFhlp with other jianipUfw. rlianwterlstlc 
uf ilio [ilieaBautfi or tb^ rails or 4 >i1ibt gtuilp of blriia, be a cine to the 
111 J kilt Idti of vcmr eurloii;fi bird's rh>Uctlr aBlnitleft 

The one kimwii s|H!ilra of rarafrU^^. tue betooga to a jjronp of 

Mall.u^hflgn r^irwiiU^L atiU niOBt ihnnKrterteitlranjr, on tJio pheaMulfc^ 

Hut the Lfpeariffl, allhougb n aw iqiecivnp tH^flunKs juut aa unlnliitakalily wlUi a 
KTiniiij of MAUnnhriEit ehunicterlMK' of mu’h blrUs nm iHaibEaB. nlhalroiBL^ cur- 
uiumtiu, frlisale hlriia* ralkaas, acd Buuh Bmclly niarltloie foniia. 
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ECOl4X)V OP THE ROaTZIS—BEEBE. 
naji .StlTES IN VENSKITEIA. 

TLg first vkw wlitch JErs. lieebi* ami I had of living liontzins tvus 

2 niilGs lip the liio (iiinmpu'he, in suutheadteru V^eneiiuehi. where 
we found h Hock of ft on 3i[arcJi 21, 190ft. Fart tier up we discovered 

3 smaller Hocks and laid- in the day ii large assemblage of 35 iiiclt- 
rid unis. The luitives know thetn by the name of <?uacA<wa'f'«s ilr 
Aipta and are well acquaiutdl with the musky oilor tvliieh cmanutcB 
fniiii their bodies, Being considered totally unfit for fiKxl, they are 
never killiHl anti »s u result have become extreuiely unsuspicious. 

The following notes were ivritten in the field; 

Tlie moment our diigout coiuch into view the Imatzins announce 
their presence hy hoarse, croaking cries: grating and rasjdTig to the 
ear like an unuiled wheel. Then, ns we approach, those neorest flop 
or crawl inward thituigh the branclies, making u treinomlmis racket. 
This iittei'nnce has b<*en termed a ” biasing screech ** by some writers, 
niid nltUough & very ikhw descript iuii of the stmtid, no I potter one 
comes to mind unless it is a cmiiklng hiss. liiitftm (13) tells us *' Ita 
voice is very strong, and it is less u erj' than « howl." Quelcli (aft) 
says “ The erj' of the hoatzin is usually heard when they ai-e tlLs- 
tnrlasl, inul it is one of which is jint easy to give nn exact idesi. It 
recalls slightly the shrill screech of the guinea bird hut 

it is made up of disjointeil utteranco.s, like the notes heigh and sheigh 
(ei ns in sleigli). pronounced with a ]jGculiarly sharp and shrill in- 
lojitvtion, so as to be quite hlsslike.” TIjo mt'kless way of tiirnsliing 
tjirough the undergrowth, and the apparent locxsenesij of wing and 
tail and gcnenil cande&meiis of plumage bring to mind the cmzy 
antics of anis, a fact not wholly tiuint crest big w‘hcn we ret'all cortuiii 
liints of cucnliue structure in the hontzin. 

F.xcept during the extreme heat of midday the huatzin.s prefer 
ctinspiciiuus positions overhanging the water on mau^oves or other 
trees, among tho foliage of which they roost ut niglit. They appear 
to 1» extremely sedentary, and day after Jay we could bq sun* of 
Hiiding the birds in the same place. \Vu located h flocks, ranging 
from a single pair to 42 birds in number, and the^e iwemed never to 
move from Iheir fovorite trees except when driven buck a few yards 
hiili rlit^ juiig^le bv our ititriuUng tiitior, 

III irRiur ov'i^r tho water we foiitK] r^jitmins of nuitiv 
in ViiHoUs stuge=? of disititegratioiu As tho niimUu- of the ntisls burw 
H fairly ncciirnte Kdation to the pairs of birds nnd fts wo mw 
Iwrgr, roufjh pint forms of sticks ut no ntlier poinl.% circumstuntijil 
fividence would indicate ihut Hie setlenijiry life of llie^ houtzim ia 
Feosoiiuh if uol, indeed^ aiiniiuh We were told tliut ihov nfeit in 
iluy und June in ilij$ locality. 
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After tliev tSiip und eliuiiber u fi^iv jnnh awny frifin ilif; oanoo 
Lliey 111 ! quiet untl with waving cresu^ crane their iieck-'i at 11*4 

iti ctirin^iiT from their perches. Etich time they utter their gj-atiiig 
note diey raise the ttiil and wings, sprejidiiig Ujth widely. 

We had no opt>ottunity of observing the ipiadruj^edat habits ut 
the yming hcialzins, but an interating observation^ fii-^it noU?d by 
Mrsv Beebe^ wa_s tbnt tliis finger or bandlike use of the wing Is present 
in tlie adults aw well They never Hy if they can help it. und even 
when they over firm gnminl seem never to detjceiid ttt jL But 
iJicir method of arboreal locomotion is |ci push nud tlop from branch 
to branrln Wlien Llie foiioge and hanging Tines ore very thick they 
use their wingy, either togotber or alternately, to push aside the oh- 
Ktructioii and to keep thenuselvcs from falling until u firm gri|> has 
been obtained with the toes. This ho bit is extrenieJy wearing on the 
primary featherj^, whidi become mudi fruyeil fruni friction against 
stems and ijranebes. 

I ^ured tAvo specimdos for the skin and the skeloton, respectively, 
and found lliem in an interKstingly iiregular molt^ In one (ColL 
Xo, 11^8) the right third primary and the left fourth^ seventlu and 
tenth lire nlioiit half grown. Li the tail, the next to the outer pair 
and the right central retiricesi are in the same stage of growth, while 
bliKKl feathers are simttcrcrl here and then? over the body. 

The second hoat^sin examined (Coll Xo. 1139) was in a still more 
disheveled condition of plumage. Botfi wiu^ and tail were badly 
frayed and liroheju Instead of the full number of 10 tail feathei^ 
only 5 Avere presoui, l of which xvaa half grown, ^rhree bloml-filled 
sliealba just appearing abi>ve the surface of the skin repreyented the 
reiiiiLihtler. In tlie right wing the second^ eighth^ eighteenth, nine- 
teentli, and twentieth Avere considetnhly less than Imlf grown. The 
head, buck, Btid thighs of this individtjal showed heavy molt, besides 
many growing feathers over the mt of the body. 

The crops of (hese birds were dLsleudetl Avith a finely eornminutcd 
mass of bright green vegetable matter, the leaves of liie nmtigrovcs 
ami some other river growths. 

Ill one crop, sc^iles and iho remains of a small fisJi’W'ere also pn^sent^ 
and as wc once saw a hoatzin w itJi dripping plumage, creeping from 
the water up a slanting maugrov'e nxit, it may Iw that the adult birds 
retain some of the natatory ftkill wdiich chnnictcrize-f the rie?^llirigs, 
Tina, however, is mere eanjecuure* 'ilic ^cales^ in this instance weit? 
thfisi? of the littlo four^ved fish upa^^^hpit) so common 

aliout Iho muddy uhori^a of the Canosk 


ririjj >oTEfl IS LiniTiHii uciana. 

On Ai>rll 12, ltK>9, Mjv. Betlw und I reached ii Iihiil'hIow usod a<( 
th« li^udqnarlet^ of n rice pkntetinn, «ome *20 nules up the Abary 
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River in Britisli tiuinnn^ Thrtnigii the kindne^ of ^Ir. and 
Lirniley \^iiilon v,'^ oljtaiiwd perniisKion to retnflin here 5§everal dBys, 
with exeellrnt oppsiil uni ties of studying the hoatzina. Thrw ibya 
after our arrival had the fnbforturie to break ht'r ami^ 

and we were eoiiijxrlled to leav^ ut onoej with only a few notes and 
phofti^'inpht;. Tlieao are, however, of sutBeient interei?t to warrant 
publictiLiom 

Tlie Abjin^ Kiver in a I tliLs point moihd !?0 yardi* across?, and winda 
throuj^i a great treeless; savanna niarsli in a general north and south 
direction. The east bunk is for tlie most part clear of growth, except 
for the reeds and gnieses of the savanna. Along the western iMink is 
a dense shrubby or bualiy line of vegetation, at times rising to a 
height of 20 or 30 feet or again apf>eariiig only 2 or 3 yards aUivc 
the graiis and reeds 1 H»yontL 

The presl'nce of this biiHhy vogcliitiou on only one side of the 
river is prdtably dne to the prevailing winds, which IjIow from the 
east. The bush grows altogether in tlte water and consists chiefly 
of a spectRs of tall arum, or mneka-uuicka as the natives call it, 
fretpjiuitly lajund toother by a tangle of delicate ^nnes. Here and 
there is a treelike growtli, white barked with entire obtuse leaves. 
Thi^ narrow ribbmi tjf at|iiaLic giowlli is ttie home of the hemtzin^ 
and from one yearns end to anollter tliey may bt* found along the 
reaches of the river. In gejiCTah their habits do not differ from 
tho(se of the birds wdiidi ^ve t^ljiserved in VcneKiiela, 

Throughout the heal of midday no siglit or sound reveals tlie pres?- 
enco of tlie birds, hut as the aflenioon wears on a single I'uueous 
sitluaivk may lie heard in the distance, and we kuow^ that the hoatstins 
at^ astir. DireetJy in front of the bungalow, between it utid the 
river, the bnish has been cut away on cither liaiid for a distance af 
about (>0 yards. Every evening from iJlQ to 5.30 p, m, the houUlns 
gather on the extnnne nortliern und of this wide break in their line 
of thickets, uritil sometimes 2fj or 3^) binls are in sigiil at om'o, Some 
lly flow n tu the low^ l>i‘undieg and Iwgiti to tear otf pieces of the young 
tender shaots of the mncka^ninckju Witli tuudi noise find ILipping 
of wiiigH several soon make their way to a single bare brandi which 
pivijcc'ts over the deared marsh. 

The first biixl mokes many false starts crouching aiul tlien losing 
heart, hut the next on the bninehi getting inipaLient, nudges him a 
liit, and Ejt lust he launch^ nut into the air. With nithcr slow' whig 
lieats, hut working appaTciitly with all his ijower^ he spans the wide 
expanse of clear hush, ihon the 10 feet of water, then lo vtink nion? 
of stumps, and with a final effort lie clutches a branch—and his 
goat IS reached- After Severn! minutes of I>reathlessnes 5 he makes bis 
way out of wight into the depths^ of the bnmli- A second hoatzm 
essays the feat, but faUs igtiommiously, and falU midwav, coming 
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Uf>wri ElU of uuioiig ilm IlMre li U tuken, anii for 

5 or 10 injniit€?^i tlie bird limy fmJ quietly. Thru n ?!«corid flight cur- 
rira it bnck to tlit* litaiiitig |jomt or un to tho end uf the open space, 

Sotiirtimes when the birdy Eilight siid clutch u twig they are so 
exhuLibtetl that ihey topple over onrt bnng upside down for a montent. 

W'ntching the hontziiis cnrcfuVIj with our stereo glasses for several 
Gveniiigs in succcsdotij we came to know and diisiingiiish indiiTdiial 
birds, l'wo» one of vvhieh has ti broken feather in the rigiit 
and the other u ^-iiich short central tail fiinlher, are excel lent ilyerst 
and. taking their flupping start from the high brancho never fall to 
make tlidr goal, going the whole distance and alighting easily* All 
of the others have to rest* and one which iH ninlting a feather in each 
wing can adiiere only about 10 yards* This one fell one evenings into 
the water at the second relay flight mid half flopped Ualf swam 
ashore. 

One evening a hout^sin flew toward us and alighted near some hens 
on the ground, but took WTiig almc^t instantly back to his brush wcxkI, 
A day or two Ijefore we enmo one of the bircl^i hod used a bciiiii of tbe 
poirh Ejs a iH»rdu 

Thi^ general sliifting oecura at Iji^tb sunrist> aiul sunset, and m 
apparently always as ihnfough and noisy as we found it the first 
evening of our stay. For montL^ we are told, it liad been kepi up 
fU3 regularly m clockwork. 

In the liioriiiijg as the sun grows hotter the birds become more 
quiet, and finally disappear, not to 1 ms seen or heiird uguln until after¬ 
noon, They spend the heat of the day dtting on their nests or 
perchciJ on hmiichofi in the cooler, deeper roccKs^SM of their linear 
jungle. 

The Inst vkw of them iti the iiiorniiig* as the heat becomes intense^ 
or late in the eveiihig, usually reveals tliem re^iing rui the hhincbiw 
in pairs clots? togetben (.ki inoonlight nights, how'ever, they ai^ 
active and noW, and come into the open to feed. 

The habit of crondung or sfpialting down on the perch is very 
cornulun with the lusatzins, and il may laj due t<j the weakneiss of the 
feet and toes, I am iiiclimHi, however, to consider it in connection 
with the genend awkwardiie^ in Lilighting anri diiubing^ aa a hint of 
the inadafuiliility of the large feet to the ainull of the twigs and 
brunches among wliicli it lives, InexpUeabk tljougb it may appear^ 
the huai^irn ukhough evidently nndiangi^d in inaiiy res]>ects tlirongti 
long c|Mjdis, is far from being i>erfectly adapted to its pri^tit ettvi- 
rontnent* It has a t^'Vore niggle for exktence^ and the lea34 increase 
of any foo or tlie up|jearance of any new handicap would result in its 
speedy cxtinctiutn 
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FOOD, 

TUp hofltzin is unquestionably a ^^pgetariftn, and thp tUe 

prcAdoiLsIy iiiejiiiuued foup-cypd Hi^li in the crap of one of my Vpiieziie- 
\nti ii[>eiLdmeiiri must liavc Ijpcu eHckiicia of an iibhomial iYu^i. 

Examinations of the stomaclis of individuals from variona lacnli- 
ties show tlmt twi> or threp six^pips of marsliy plants furnish almost 
the entire menu of thi^^ InnL One is the inucka-niucka or arum 

a tall plant of spindly ^nowth, with 
Iarp:e, tou|^li, licsirt-slia]>iid leaves^ and a pLtwappkdikc fruit + The 
leaves^ tlawei^, and fruit are all eaten. 

Hoatains alsn fGe<l on the Dn'ptUiorm-pm luiiatt 4 ^^ nnih both in 
Guiiina and VeneK:uela* devour the tough leaver of the while mari- 
(dri;iVi!Uudtf minla). Bat^ (S) iucludei:^ the sour guava 
{Fifidhrm) uiui *' various wild fruits " in his list of its ftHMj. 

NEST AND ECMIS. 

At the time of our arrival on the Alairy the hoatzins [uu! jiuit 
liegnii lo nest. They iven" utiliziug idd niwtH which, aUy>itgh uppar- 
enily lio flihis)’ in ccrtislmctioju yrl are rpmwrkably cohesive. The 
nrsls are ahimsl iiidistitigiiishahle fratn th^w uf the Chows or 
Guiana giwn herons which were built iu the 

same sitTiatioiis. The latter were usmilly placed low^ t>ver thp w^ator, 
wiiile the hojitziiiA w'pre higher, from 5 to 12 feet above the surfaco 
of the marsh. The twigs were longer utiiJ more tightly liK'cd in tlie 
hoatzins nests, and wdiile the herons- nests cnimbled wlicri liftiNl 
from the ciotch, the others iHTiiained intact. The liorntzins placed 
tlieir nests in ii eroteli of the whitediarked trees^. or mure rarely snp* 
ported by seveint blanched mucku-mneku stpmi^- Both sexes assist 
ill the liuilding, jls w'c cAisen'ed two birds eoltei'ting luid weaving the 
twigy. Three seU of eggs whidj came iiiuier our observation iiijm- 
bercri, res|>ecti vely, % ttncl 4. From what information T could 
pUher, 2 seems to he the usual number. There is no fanndation for 
thp as^sertioii that birds aiN? polygamous. 

There is Httle accurate data in regtird to the date of nesting uf 
h{)iitzitis. Tt is po^ible that it differs in diffen-nt places, and that lu* 
delinite limits can be set to cover tlie species iis a w hole. 

On the Oriiiocii, neitr Ciudad Bolivar^ Cherric (ifi) records that 
tile nesting seasfjn extends from early in June until mid-September, 
thus including the height of the rainy sea^n. Quelch (38) in liritLsh 
Guiuiia found the hoatzin nesting from December to iluiy, and thinks 
it '^T-ry likely that it us continuous throughout the \ ear/" 

In Venezuela the Inst of starch the birdw wen? not nestiug. and 
those examined showed no signs of a recent breeding season. In 
mid-April in British Guiana the hoatzina were ]ust beginning to nest. 
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The nre mtlier vjii*kbie in sliapQ. One ^vlli^Jh I have from rise 
OriiiDoo is e!liptic!iil, wldlc my Abaiy spefirnens are ovuL Tim 
ground <;olor U ereamy white. The entire surfflce la marked with 
smolh irregularly shaped dots tind spots of iieddisli brawn^ meliiiing 
to be more abundant at the large cncL The brown pigment de- 
ptMiled early in tlie oviduct is covered by a thin layer of lime and 
tliereby given a lavender hue. Tlie sls^c averages 1*8 by LS inches^ 

11 oat SCI us strem to he veiy free from etiemies, nlthough frt^m year 
to year iLeir numbei~s remain about the sama* Tlie waters Ixmeath 
them are inhabit by otters* crocodLlfta, {tnaoondas, and vonidmis 
fialK ^^0 that deatji lies that way. They scetti also to fesiir some prwJa* 
tory hird. for whenever a harmless hawk stdois over the brandies on 
tlie lookout for liiuirds, the hoatzins nlwa 3 ’s tumble pdJ-mdl into Uie 
shelter of tire tldck foliage t^elow, 

PfJVltKJW.VrJITXO nOAl^afNS- 

We found that the lie&i time to approach and photo^aph the 
hird ?3 was during their As we paddle along- tha bank, they 

.sc-mnible from their percheia or nests up to the ban? branches over- 
head* calling hoai^ly to one anothca% Pushing aside the den^ 
gravfth. of aiuims and vines, we work our cmioe as far us possible 
into the heart of the brush to the foot of gooci'sized marsh tree 
perhapj? a fotrt in diameter. T step from the boat to the lowest limbi 
Mrs. Beebe ha tula me the big Griiflejc with the imwidd}’' but necci;- 
sary 2T-lncb kns^ and I begin my pa inf til ascent* At first all bs 
easy-going, but as I ascend I break off numcmiis dead twigs^ and 
from the broken stub of each a hor<le of black stinging ant^. 

These hasten my n^nt and at last I mnko my way out on tlie Hway- 
ing upper liratidies (pL 5^ fig, !)* From here I have a fairly clear 
view of the siitToliuding brush^^ and if 1 work mpitll_v I etin seenro 
thtv^ nr four pictures before the hoatzins take flight and bide amid 
the foliage, 

nf 11 f1 iny pictures^ that of pbite 3 is llie prisH?- We come upon a 
flock of boatzins lute in the afirmtKin and were fortunate enough to 
get into a dear space nml to photograph II on the same plate; tlie 
con fused mass near the center of the picture containing four indi¬ 
viduals, Plate 4, figtjrc 1^ uhows the character of tW oountr}" where 
He found tlic hoatain on A bury Creek, with the line of deum growth 
on one §dilo and the level savanna m the other* 

A phDlogmphic Htudy of ftti m<lividna1 jijiir uf binh i;} fi-lven in 
plfttf ti, figuit* 2, to plate T, The acdoQ of (hest two birds is ao lypi- 
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ciil of hontziriH tbat im aooouni of them will apply to tht? fipfcie-s in 
gcoeraU T tmidt* t!ie>:e pbot<jgniphs from a boatj standing on the 
tlnvartSj while Mrs- Beebe guide*! it through I lie brush. 

We flu,'?!! the fctmilo from her imd she flies to n hmndi some 
8 feet higher* the male then appearing fpiom a t™ beyond fpL 5. 
Gg* 2)* We remain jwrfectly quiet, and Uie next photograpli shows 
ihe female hoalKin* tail on^ while the maie^ who bus 

flown nejimv is watoliingns suspioioualy (pb Gg, 1), 

Plate Gj figure % shows the male un imotlier percli^ still more 
alErrmed^ ajid n moment later he UitusheH his way onf. of ssight. Mean¬ 
while the female Inis redisorivored ns and eronches down (pL fig. 1) ^ 
hoping to avoid oliservatlnn, hut as we push closer to die nest, she 
rms on her perch, spreacb wings and tail to the widest (pL 7, fig. 3)^ 
her Bcnrlet eyes fljisliiiig, andw uttering a lust despairing hiss^ launches 
out for a few yards. At this moTnentj as may lie seen in the same 
picture, a fiix^ond pair of bink fly np from a nest in the nejct ebimp 
of uiidergnnvth oud raise their discordant notes in protest at our 
intnision. 

The assertion which I made last year that huitEiix^ use their 
primary feathers ait fingers, in the same way that the chicks and 
partly grown young use their wing claws, has been received w ith 
some doubt, and I am glad to olfer a photograph (pi. 7, fig. 3) as 
evidence* Tn the right wing of the hnatzin iJie thumb feathers are 
plainly vi^bk, with their ctlgcs fretted away^ while the first six 
primaries also show signs of severe wear, such iks would be expected 
from the rough usage to which they at^ ptitv 
Attention is called to the apparent immohility of the crest^ wliidi 
is as fully erect in tlie crouching hoatziu (pL %. 1) as in the same 
bird a minuto or tw o later* alert and alKiut to fly (pi. 7t fig. 2), 

Thus ir. wa.s that we made the first photographs ever taken of these 
moat interesting birdo, 

oonii. 

In regard lo the odor given off by the flesli of hoatzins and its 
cause* there st^m to be many coiiflictinig statementEf, 1 quote some 
opinions* 

t new!!ir found tbe smell of these liSnlii so ^alJ ae I had been led ro he] W; it 
remlnde one of a niLher ww ^Med. It hm been fotitid on cuiUna out the 

emn, na soon as the bird Is JdseJ, vfiy 13rile anideasant wlor remains, fxmt (27 K 
Ah Is well kuowa. the amlii Hbnib apem which the Cnajo pheaKaat feeds gives 
its flesh a fltmyg and dEsaiuTeahle odnf, *S^i]ater r-ll). 

The napniur turner (fflrifttsJurO'fl} is derlvisil rroiii a iXfrtaln penetrating odor. 
This dts^igrwfihle odor 3ii TnitiKniltled a ad adheres w!th sach effleacy that tt Is 
an tieehent protect Ion, iinf fitily agalitni the uitnolfa of camlvonous anljual^. but 
nhio agolma j«!imH;utlotk by uum, GoeMI 
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Kvm by man iljpy wldniw misUltwl wSih, for pnnwsrtw, 

jieeiilMiT md ilnri'leis^xiE Mor nttaoiww l& ihe flesb, «fp^laltj aftordeaUi, 
and TFhlch por-ma to bp duD to tlip jieaotrntloni of tlip duld and saFeoilH cotit^jnta 
af thL^ imch Ou tills BCi^ant nre iiot g^norally aatm, bat H ftw 

eas«s Lilt? Lh?oii n?|)i>rtt'd to me in whlvh tbey luivu biHim utllbced for fcMMl 
QneJcIi 

TJie Ini A uu mipluiiAaiLt odor of muRk iiwiiibliied with wni a srnel! 

w\M tif tlie BntKiLiuua mtlnipi; it be therefore i[i]i^iLJilp1e« Ikitvn 

On OUT Veno.^iielaii iHp we heard a deal and were warned 

upain and again concertiinjf die fri<ihlful odor wliich was supposed 
to elnmuderbie binlfL Some fiiiid ihey wnitid linve to lx* skiniitxl 
under water! We foiind this who!!}" falw. ’When skinning or dis¬ 
secting one of these hiiatziiiii one tioticej^ (he faititetd of musky odorsi, 
not lit ftl! unpleasant, tind indeed perreptilde only wljeii the utlention 
is flinecled to it Oiir specimejxs were certainly most inolTenajve in 
ihLs respect, iind the fleiih of one which we crHiked and nte^ while it 
WHS tough^ was as clean and appetii^iiig as tlmt iif h curassow. 

In British Guiana the above experience was repeated, although the 
^'Stinking pheasant'^ vra& held in horrtjr by ilit* bliicks, But^ as 
before^ we could detect nothing hut a slightly musky odor. The 
otlor is e^jceediiigly persistent nnd is given off hy skins wdiich arc 
fievenrl years old- Its eaii^^ is prohleinatical and the direct connec¬ 
tion with the crop is veiy driubtful. There is little doul>t. hni that 
huntrains differ greatly, either seasonably or individually^ in regard 
to the inten^iity of this odor. Far be it from me, however^ to em¬ 
phasize iiiiy lacik of it, for the very thi-ead of existence of this most 
interessting bird hangs upon belief in tliis inedibility. 

The Indians and other inhabitants of South America who depend 
upon wild game for food never wai^te poi?vderj shot, or arrows on so- 
calkd sport. Until the ^civilized" tourist pcaetrotes to these le¬ 
gions, the hoat^iins are safe. IVhen he tloe^i arrive protection must 
Ih» given to tJiese intere.stiitg hlrfh*—^a heritage to us from past ages. 
So helpless are they that, given a week's time and a shotgiinj one 
man could completely exterminate them in the colon}' of British 
Guiana. Fc:nrtiinately the game laws of that colony are oomprehen* 
sive and wisely made, and the hcmtzins ore probably safe for many 
years to i^omon 
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Plate: U 


Bhelast-Boke of HOATZm, 



I91£L—Bwbf. 


Plate 2. 



Half-Grown Hciatzin, Shi^ino Cu,w& ew Thumb and Fifi&t Finder. 













fujCK OF Eleven Hoatzm^ on the A6ahy Rjvefj, 











19'IP —BhIm, 


PUTE 4. 



1* HA^HT QF the HDAT2JN. AbARY fllVER, Bi^lTlSN dUJAtfAp 



2. iMEsr or Hoat^in in ntNse Gnowtn of Muoka-mvcka. 










SfTnith^iifl Ripart 


pKATt 5. 



1h Author PHOTO^RAPJHihia Hq^rziNS. 



2. Female Md^tzin Flushed faom Her nests MJ^LE Btna Afi^ncwcHiHa 






SnuUKHnivi Biip^irt 1910.—Bf^bi 


Pui^T^ 6. 



1l. FEM4t£ HOJ^T/IJf in TH£ SaME P^CTIOHj MaLE H A VINO FlO^H NEAfflEJL 



2. Male HOATfin Alariieo and Abqvt to Take FliOhT- 










1 9 IflL—. 


h-ATE 7, 



t- Female HflATSN CfiOuCNl^Q TO Avoio Db^eavation. 



2, Female Hoatzin Takiko Fliokt with Wimos Fully Spreadi a SECOMo Pasr 
OF Birds Leaving Their Ne*T in the Background. 






















MIGKATION OF TTIT-I PACll^'lC PLOVEE TO AKD FROM 
THE IIAW.U1AN ISLANDS.^ 


Hy llrTfmv W. 


Since primitive tinnss llie ptienomennn of bird migration has 
esrited p€?ciiliar intereM^ and fllthough much of the myMety fonticrly 
attaching to it has l>een disptlled by the prosaic fnctsj brotiglit to light 
hy modern inv&ftigationfij it etiJJ presents enigmas to etiinulate the 
Imagination and invite study. How birds migrate is now beginning 
to understootl^ nnd tlw present practice of tahalaLing dates of 
nrrival and departure and collating the faciei gathered by numerous 
observers in different parts of tbe country in likely ere long to give 
us the sohition of many as yet unsolved problems. Why birds mi¬ 
grate is quite another question^ likely to resist satisfactory Bolution 
for sonic time to come for* were there no other reason, from the very 
nature of the cose we nan have comiKiraiively few facts to guide us, 
and speculutioii must largely take ttie place of dednetiom 
WHicn we consider the number of miles traveled, the widely differ¬ 
ent character of the regions chosen for summer and winter abodes, 
and the jK^rils tieocssariJy attending the paasage l>etwoen them, the 
migration of no other of our bird.s appears? m wonderful as that of 
the golden plover* In part the migration route of the eastern form 
of the golden plover fhminicu^) b well understood, 

nnd those interested in the suhjoct are referred to a suggestive paper 
by Austin II. Clarke* on tUe probrtblo method by which (ho bird 
is guided snfely across the Atlantic frojn Nora Scotia to .Snutlt 
America. I» the present paper will l>c presented such facts in regard 
to tJio migration of the Pacific plnver (Charadrtwi dominictfg fuh'xtt) 
ns the author was nhk to gather during his stay in the Hawaiian 
Islands—from 18 W to liHM—togetlier with certain deductions there¬ 
from. 

hy pdfiiilBfitoa. •flf'r pullHir'M »rliilDh, fMr&i Tfrfr Atj-t, a qairt^fljr JdqrEUl 
of omlthDlag^Ti Candirii^, MuKr % Ju3j. 1010. 
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tyf I/fnnnkin I^hinduf .— It lua}' hu ]>reniis€:d that nn 
CfLlior p:irt of tlics eurtlfii iiuirfR<.T in: so i\iv dlifTtunl from rontinontfil 
jirea^ ns Lh^i llnwaiinij Archipelago, The blands are iibmjt ^,000 
miles fit>ni tlie const c^f Citllfomia on the 4yii4 ; ubcmt siime 
tnncc from tlie Aleutinits on ihe north and the Jlarqiirsaa Group on 
the south ? and not iniidi fartliri" fi-oiu reckoning from the 

outermost of the chain of low islunds ond reefs ’which stretches from 
TTiikivaii 3^me 1,TQ0 iiiile.^ toivard the Asiatic coad* It b iiiijjortant ti> 
note^ liowevpn tliiit, uKSuniing the avniUdiiUty of these islands as 
Rtepping'Stones for binlsT there would Htill be an internal of more 
than 2,000 miles lietween the most iiortliwestern of the chain and 
dapan, Elence^ if vro reject, ns tnUeniihle the llie^irv nf ii sunken 
southern continent^ of which the ITawaiian Archipelago the north¬ 
ernmost and now tho only visible remains, the original intrwliiciion 
into TTawnii of lU niQuirithls, birds^ insects^ nod plants presented 
greater {!ifKcultie^ than ’were presented to the fauna mid Horn of any 
other part of the world* 

So remote and isointerl have these islands t^een since their foniiai- 
iion, and so few and uncertain nature'^s carrying agencii’a—the birds^ 
the vrinds, and the iKrean currents—tliat After the blands were ihriist 
Up out of the sea ages muet have elapswl lieforc they received the 
parent stocks of the many and diverse fomis of plant and animal 
fife iHKMiltar to them* 

That the difficulties of stocking the arcbipelngo with lifcj great as 
they must have been^ were not ins^irmoiuiltd>le is proved hy the fact 
that enough waifs found their way to the islands to clothe them with 
verdure and stock them with animnl life^ Aa a result of the com¬ 
petitive struggle which follow‘ef], upward of 000 species of plants, 
nunierouB inseets^ including manv distinci genera, seven species of 
lijuirds, more than fiO species of birds, and nt least two nnimjnals, 
finally made gtioi:! their fool hold on the islands and flour LshiVlj some 
morcj some sccnrfling to their nature and adaptahilitj-, 

A i^ifattna of fhit —Aiiioiig tuher inhabitants; of 

the islands are some 45 species of passerine birds, one liawk^ nn 
n mud heiij a gidllniileT a stilt* a duck% a goose^ and w few others. 
All of these I pass by for the moment and come to certain migrants 
from North America which n'gularly journey between Uie islands 
and the coiitinenU both spring and fall. Four of the;^ migrate in 
great niimljers. viz, golden plover, tnrnstone, wandering taller, and 
bristle-thiglied curlew: tlie slmveler duck and pintail alik> viaji the 
islands in cotiF^idemhle numbel's. In addition to these are perhaps 
a df»Ken other ducks and whoi^ ocentrence- in the islaiuls is 

more or less casuaU and the same remark applies to a dozen or 15 
wading biidc?, AltugctherT including the ii^gukr migrants^ the 
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castizil^^ niEfl thtf ficcidentaUi th^ visitio^ biJ*J-H qiiiti; a respect- 
fible wingpd army. 

/$ffmf{« ac^ificjitiini/ dhcovered b^f present —It is iit.K 

supposflblc Umt birds ever put to sea to 5i?ek unknown lands by a 
lillherto! iintraveled route. \Ve know that toil I ions of birda of many 
species are annually or seniianrtually Urivon out to saa by stormst 
especijilly speciea niigtrito near the seacoa^t^ Many, perhaps? 

uiost, i>f these stonii-driven waifs never see land again, but become 
wing weary and find watery gr^ives. Some few, however, reach 
safe hiiveiia in oceanic islands^ and in this way, tio doiibt^ such islands 
have received their bird coIonistaL 

Tliut the gidileri plover, like tho other migrants from the Xorth 
American coasts cUseovered Hawaii iicc I dentally is hardly open to 
doubt. 1 see no necessity for presnpjMising the existence of sunken 
continents or of ancient continental esterisionH to ac 5 Count for the 
pnesenct^ on the islands of the. plover and other North American 
birdp, like the night herfin^ gallinule, and coot. The presence there 
of the Tvenk-vviiiged passerines is another matter, and it must be 
ad ni it ted tlint proof of the existeure of an ancienl continent^ atriiftch- 
ing from the Lslaudi> southward lownrtl Austmlin, would simplify a 
veiy diAicnlt prolilem* So far, however, os our North American 
birds are concerned, it need Ixi iii%^umed only that long iigii some 
thousands of Pacific plover and other species, when following tlie 
lisual southward migratioii route along the Asiatic eciast in fall, were 
arridentally driven to st^a, and that a greater or le^ nnmlier wen* 
aide to maintain Ihemselves on tlic wing loitg enough to niiikc a hic.ky 
landfall of the low islands to ncirthwcst of tLiwaii. The fligiit 
from Japan to the neurest island eastw'ard would involve a fligiit 
about as pmlongeil as that from the Aleutian Arefaipelago to Hawaii, 
or some miles. Tlie chain of low islets once gained^ it would 

he luit a question of time for migrantiH^ step hy step, to reach the 
larger island.s of! Tawaii, 1.700 miles or so to theeaslw ard. Aftt'r win¬ 
tering, a safiicient iiumher rnn}^ have essayed the flight back iicri^^ 
the ocean to the Asiatic const iliv following spring, and then north- 
wanl to their Siljoriun hrLKMling grounds with their Asiatic feUow^ 
Ha ving once tiiHi'oi’ered the Ldands and learned their suitahility as 
winter qunrterSt they ivmild nn doubt return over the same route, 
and thus in time estubhsh n regular fly line or migratiou route from 
the Asiatic inainlaml to the islands- I>ater, as the positioii of the 
islands became I jet ter known, the partdand^ part-water route would 
nafumlly Ije cxchjingcd for n shorter all-water route. It is possible, 
however, thnt the old Asiatic route has never been wholly abandoned 
and that ir is still favored by s certain numlwrof the island migrants; 
for phrtcr. tnmstones, cnrlew, and tatlei^ have bi^r|l observed on 
I^ysun, about 600 miles northwest of UawsU, late in May. These 
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birda wero pitjbrtblj' nlxHlt to JwSgrate acrt^^us tlii^ oceaiL \mi it is, of 
eoiU^t impossible to tell ^belber ibi;y wer© heade<l directly for 
AinericA or for Amerim viu AsLn^ 

of fog -—The originM dbcorery of the Hawaiian Islttiids 
by binla was undouble^lly greatly facilitated by the fact iiiat, 
iiltbough fog is eommou on the mountains at altitudes of feet 

and upwani, it never occurs nt sea level; and as itw absence favored 
the original avian discovererSj so it continued to favor aunnul nii- 
granls. 

Dale of dUcoverg of (fio by Arturicai^ wiijjwi#.—to 

the lengtii of time the Pacific golden plover and its fellow migrants 
liave been visiting the Ilawaiiaii Islontls^ or wlien they first disoov- 
cretl the gronpH, tt were idle to specnlote. Their urrirat probably an- 
tedtitetl by thousands of years that of the natives, which ib sup|K>sed 
to date back only some 20 contiiries. Certain of the bird colonists 
from jVjiieric 4 i^ like ttie owl. night heron* gulltniile, and cocit, have 
resided in the idatidu so short a tiirte that tliey have changed very 
little from ibelr Auierit^aii aiicestry- Others, like the hawk, stilt, 
and goose, have changed more, and hrnec presumably have Ijeen 
rfcssiJents of HuwHij a longer time* Changes of color^ proportion, 
and size* however, be they great or stiialJ, win not be used as time 
jiieasnres. except in the vaguest way\ since practicully next to noth¬ 
ing is known of the length of time Umy require- We are perhaps 
justified in concluding that none of the above species have changed 
stiffieieiitly to call for Isolatinn from their American ancestor for 
periods to tje re<’:kotie^l by geologic inten^nb rather than by thonsand-s 
cjf years. 

Sprifig Tuigrothn of ploiWn —^The impulse to migrate in spring 
is b}' up means simultaneous among all the plover that winter in 
the blaiiiU or timt Winter on any one island, nor* apparently, Is it 
Ihe rule for large bodies of plover to migrate together. The plover 
and tunistoues, probably often in mixed eoiupanies, begin to leave 
for the north enriy in Aprih and the migration coutiDues till at least 
Ihe Ini ter part of May (probably even later), being dependent* ap¬ 
parently* on the -State of pieppreilnesE or the inclination of individual 
birds- 

Wheii the Lime to migrate conmB, small parties* from a dozen or 
ijven less, to f|r>cks of 200 or more, strike boldly out to the norUi- 
ward, apparently vritboui hesitancy or doubt of the result. Mr. 
Maswellj of PapaikoU] which is on the coast about 15 miles north 
of Hilo, E®oTi after daybrienk during the early days of April, liXK), 
fjiw j^veral flocks rise to a great height and, after widely circling 
ulHhLit a few tunes nn if to orient themselves* finally dlsap[>6ar in a 
nortlierly directum* 
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It is probable, however, thnt day migrfltioii is not the nilc wiUl 
plover ami other shore birds. Apparently it is niore tisual for the 
flocks to feed by dny mid leave just before nightfall as do miiiiy 
other birtls in ditrerein parts of tho world. Ttfr, 11. C- L. Perkins 
states that several times he “ witnessed these departures, always bte 
in, the afternoon or just before dark,'* He adds: 

tVhi-[i nlKtut to return to tlie north, Itie plover fre(nii?nll>' nsjietolila la very 
Inrse and before scltlnw ont on tlielr Jmimcy rlne lo on cuoTmoua lieVsIit 

la the fl(r, evea iR^yuiul Tbe tango of elgbt. 1 have <iTice f<eea two mii’li llockB 
tfiart from the mme point, the oae followlaf the other after an hour's Interval.— 
[t’auna Vtll. I, Jtal+ lv^ [». 4 * 11 ), IWJ, ] 

It is interesting to note that plover luv tK-caaionally sighted from 
passing shi[ia. Naturally they tiUnirl litUo alleiition and never are 
recorded in the ship's log. I found one ship captain, however, who 
remembered to have seen a flock of plover passing north in spring. 
Tlte date was uncertain, but the ship was about midway l^etweeti Son 
Francisco and Hawaii, and the plover were Steering n course which 
would carry tlicm to the neighborhood of the sklentiana. 

Where data are so scarce and diflicult to obtain it b worth noting, 
as bearing uii the season and eourao of tlie spring niigratioii of island 
birds, that Townsend captured a Pacific plover, which boardefl the 
Albatrons May 10, iSDO, when COO niiles south of Kadiak. This bird 
was probaidy an island niigiiujt nearing the end of its long flight, 
Elliott, also, speaking of the turnstonc, stales tiiat he met with it at 
sea 700 miles from the nearest land. Hying northwest toward the 
Meutian Islands, my ship being SOO miles west of the Straits of 
Fuca.” 

PAjfskvl eomiiti&n vf spring migmnis, —During the last two 
months of tiieir stay in the Ifdands both the migrutmg plover and 
turnstones get very fat, and it is prohal.do that individuals that iim 
not in gotai condition do not attempt the flight, or if they do, do not 
survive the attempt. Toward April most plover seem to la* in full 
bicfcdiiig plumage, and I feel sure tliut none of the birds assuming 
the breeding dress remain behind, unless sick or wimnded. There is, 
however, a small contingent, both of plover and turnstones, that slim¬ 
mer in the islands, and these appear to consist wholly of iinmuture 
individuals, which, as a rule, are thin and not in gwxl trim. 

Speed o/ miffruting plover.—Thd migration of plover over a wide 
ocean involves two factors i (1) .\bility to go wiUiont food for the 
time iieoessnrily consumed in the flight. (3) .Ability to make the 
journey without resting and yet not overtax tlie physical powers;. 
As stated above, apparently all the migrating birds in spring are in 
good order, and some of them, especially tho males, are eiccedingly 
fat. They are thus in condition to evert their utmost powers for a 
considerable i>eriod and to do without footl. I know of uo actual 
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of ilm sfM^ of Ftoiu luy ow n ol>serviitiotis 1 believe 

lUai when not fiitigned the plover- aiti cAsIly enougLi lly 50 to 75 miles 
un hour^ hul it Li doubtfLil if s-uvli speed can be maintaiiieil for any 
great length of time, 1 atn eonfitlcnl^ liowever. th;U n jipeed of 40 
miles an hour is well within the binl'a iKHTcrw* At llijn rsite tlm flight 
from iluwaii to the Aleiitiaiiijj a dhitniice of iibout i^.OOO riuk^^* woitUi 
comume a little more tliaii two days; or, allowing a ^|>eed of 35 iiule^ 
nn hour, the time occupied would Ije two days, nine hours* At first 
thought it does not seem possible for plover to Hy contijuiously for so 
many houra without rest and fooil; yet the alNive statemejii can not 
Ims far from tlie truth* If the birds Hy fiLsterj the journey retitiires 
leiss time l>ut the e-tpenditiirr of iiiore vital force; if slower^ they 
husliand strength at the cost of time. In either event the result 
would aljout the same. Of the extreme limit of tlie pluvcr\^ en¬ 
durance in continuniLS flight we know nothing; nor do we know what 
pro[>ortian of the birds that across the ocean are .^uct'e^ful in 
making the Elightp That 1 I 10 e&ort is too much for many tudividuaLa 
m hardly to be doubted, especially for young of the year, which are 
comparatively weak and unpracticed of wing* 

A leaf from the notebca>k of Dr, E. A. Jlearrej is of iriiert^t In this 
connection. On the Sith of October,, when on a transport b<nind for 
x^an Francisco and one day out of Honolulu^ ifriirns noticed a lone 
plover, which joined company with the ship for nearly two days. 
On the lOth hb notebook records that the bird was still circling 
ground ajid above the ship, if designing to come aboard. Some¬ 
times it flew close alongside and whistled plaintively". Once it rose 
very high in air and flew out of sight, probably tiying to sight land 
on which to rftst, hut it sixm returneti from its fruitless At 

5 p. iiL on tlie lOtli it seemed w"eok an*! tireiL but yriiH still flying 
feebly alongside^ its call notes continually grooving fjdTilur with 
w'aning strength* It was lost sight of at dusk, und was never seen 
again, but its fate h only too certain. 

It may seem reuiarkable that this timi wanderer apparently never 
alighte<l on tJie water to rest* However, 1 recall oidy one instance 
in which on un won ruled plover has been known to alight on the 
water and iigain take w ing*^ In considering this question it must not 
l)e furgi>tien that neither by birth nor habir.4 is ihe pi over a swimmer. 
It bi 11 true wader, and though* like all of it^ family, it can sw'im 
w'hen compelled to and can even alight on suiuolh water and again 
tako wiiig, it does so probably only in veiy exceptional instances^ 
Mild iH>rhap9 never fop the purj^sc: of resting when in tnigration. 

Could we assume that the particular individual noted by Meams 
made a direc t course from the AleutI hilh to the (mnit where inter- 

■ HerfhfjslIiS, Ai-lf«yiu tjf Ijljrpca, pt. IfiSS. ^ 
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cepterl l>y tlm tmiLspuTt, llie. intUlpiil wmild Jx' viilimlilE iis iifforiling 
a tokmlile idea of die limit of tlie eiidunincc and wing power of u 
]dover. The bird, liowerer, may have lost its way and have taken 
a very' indir«x:t course to iho point w lie re it wus first seen from die 
ship. Uniiwaro of die proxiiniiy of the Mnndij to which it was 
bound, and which it might have readied in a few hours more, it 
became confii^^'d. and made the fata! mistake of following the ship’s 
course. Before it finally gnecumbed to fatigue, it followed the ship 
for afxiut 500 miles. Thus at tlie leant calcnlation it fiew S,500 miln^ 
beforu it succumbed to fatigue, and prol>abIy eery milch farther. 

Time of arripfil of T/itgraiif'S hi Aiagka ,—As the migration of the 
plover (and also the tiirnstone) from the islands Iwgiiis during April 
and continnes (ill into May, nnd ]M>ssibly even later, the birds should 
urrivL' in Alaska at cor rosjion ding da tea, tJie llight probably con¬ 
suming not much more than two day's. a nsatter of fact, however, 
the mainland breeding groimds of llie plover in ,V.1askii are snow¬ 
bound till well into Alay, and Ttimer states that the Pacific plover 
does not arrive at St. ilichael till alxuit ,iune 1, a statement cor- 
riilximtcd by Xolson. Although there Is no necessary precise corre¬ 
spondence between the breeding time of the Pacific plover in Silieria 
nnd ijt Alaska, it is interesting to note the statement of SectHihm 
that the plover arrives on the Yenesay Piver, Siberia, June 5; and, 
referring to water birds generally, ho ndcLs tlint “■very few eggs are 
laid on the tundra liefore the last week of June,” (Goog. Dist. of the 
Chanidriidffl, 1S8S, p. oS.) M^iero the plover and tunistone, whicli 
leave. Hawaii «irly in April, spend the interval till the melting snow 
haniis the hillsides in Alaska and exposes the previous sca.iiOii’s crop 
of Vaecinium and Empetrum bturics, upon which the plover in 
spring chielly feerl, h* left to conjeettire, A.s the Aleutinn chain is 
nearly 1.300 miles l[ing,]iowexer,aTKl as compamtively little is known 
of its birds in spring, it Ls poatible that early migrating shore birds 
sojourn on them until advancing summer prepares the mainland for 
their occupancy. This conjecture is to some extent supfKtrted by 
the statement Ity Elliott that n few straggling plover land on the 
Pribilofs in April, or early in May, on their way norlh to breed, 
but never reinnin long. 

Breerthiff muffo of ihe ffolden plover. —^Without doubt the chief 
breeding grontid of the Pacific plover is eastern Siberin, but a con- 
Bidenihle nnmlier breed on the American owat of Bering Sea from 
the vicinity of Bristol Bay (where taken by AlrKay at Nuahagab, 
.Iiinc. 1831) to near Bering Straits, The plover breeding on Kotze¬ 
bue Sound, north o.f the straits, is dominwug (Grinnoll)^ as also Ls 
the one breeding at Point Barrow (Murdock). Apparently 
does not breed at all in the interior of Alaska, these regions I wing 
occupied solely by dominions. It enneems us to note in passing that, 
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iinle^ PhUii^ii is mistaken Ln his itVntifieation, domtnhits, not con- 
tent with itu wide habitat in the interior of AJnakn, orossscs tho straits, 
and breeds on the Ciiukchi Peninsuliu^ Thus the sumiiier ranges of 
tho two forms actually inosciilatej the Asiatic form ercssing to Amer¬ 
ica onfl the American form crossing Into iVsia—an ir|>parent anomaly 
in the case of geographic fonns. 

LTttwotiofi plcu/^i" bTsed ia —Et is, of course^ impossible to 

absolutely identify the Pacific ploTere breeding on ibe coast of 
Alaska with the winter visitors to riawaii, yet there are certmn facts 
tending to sIjow that they are tlie same. (1) li is to be noted that 
of the winter ^Tsitors to tiie Ilawaiion Tslands not one is an exclii- 
eively ^iVsiatic species, (ii) The form of the wanderitig tatler, which 
regularlv migrates to and frt^ni the islands is not the Asiatic form 
incipe«f but tho Amprican form minor, (3) There is evidence that 
the bristle-thighed cnrlcw, also a winter visitor to tlm islands, breeds 
in Alaska, while it is not known to breed in A.«ift. *Vs the two last- 
named birds, which breed escluaively in America so far jis known at 
present, regular!}' winter in the ishinds, it is a fair inference, In the 
lark of evidence to the rontrory, that tlie plover and fiirnstone, os 
also the other waders which winter causunlly In ilie islan^ as the 
sandcrling, pectoral sandpiper, sharp-tailed sandpiper, jircksnipe, 
knot, and others, also come from Alaska and not from Asia. 

Fall tnJ(rraiion of For some reason <»r other plover appear 

to arrive in the Commander Islands in fall very late, according to 
Stejneger. not till after the IStli of September; the last ones were 
observed in 18M oti tlie 2eth of October. The turnstoiie, on the other 
hand, touches the Commanders on its return trip much earlier, ac¬ 
cording to the same author, as early as the last part of July. 

.Imciii of plover in Htupaii in Passing now to Hawaii, a 

small number of plover and nleo turnstones return there as early as 
the middle or the latter part of August. By infmneo these are the 
birds which l«ive for the breeding grountls earliest in spring, and m 
arc the first to complete tlieir parental duties: or, the firsJt arrivals in 
Hawaii mav be individuals which made the jwirney to ^VJaskn, but 
for some teasoii did not brcCNl, or whose nests were broken up, or 
whose mates were killed, for the ^Vretic tundras have their bird traj^- 
dies, as have other lands. Just as the turnstones roach and leave the 
Pribilofe in small straggling flocks, so they and the plover arrive m 
Hawaii: and it appears further that in fall, as in spring, they get 
into good condition for the flight, and then leave in no regular order 
nor at any set time, but just as tho impulse seizes 

Between the dales of early departure from Haw an in spring and 
of early arrivals In fall there is thus an interval of some four months 

T«,a.ejp«i. Vet™*- tiii-t, T#1. V. lasT. p. ms-hh: bim .Auk, 



MIGHATJOS OF PACIFIC PLOVER—RBJIshaW. 553 

or more, quite long enough to permit Lhe paii^ to fittend to their 
parentsil <IwtL«3, to get into condilion for the return jouniey, iind to 
innke the trip. So fur us my observations extend^ all the fir^t arri- 
vclIs in Hawaii in fall, boih plover and turnstone. are adults in breed¬ 
ing plumage. I may add dial they are invariably in good flesh and 
tliiit some are very fat. Later arrivals, howeverj no doubt young of 
the year, are comparatively poor in flesh and require considerable 
time to fatten. 

How ftiid Ih^ir wai/ neroi^ oc^afK — It thus appeal's 

thut thousiuids of birds^ large and smalb make a 2.CK)0-riula lligfit 
from Alaska to Havi-aii in fall Htid return in spring. To answer the 
question how they find their way across the tmckless waste we must 
leave the realm of fa^ct and enter that of speculatioTi. Ocean migra¬ 
tion routes have generally been plausibly accounted for on the theory 
that the present fly lines were estuhlishwl ages ago wlien the laud 
connectioiis wero very dilFercRt, anil wlim^ by nieaiis of continental 
extensions ntid islands now- stiiiken, part land, part water routes were 
easily followed. As such changes as the raising or depressing of 
continents are very gradual and extend through long periods, suc¬ 
ceeding generations of migrants are supposed to have scarcely no- 
tk‘ed the difference, and, even after the old landmarlis had disap^ 
peared, to have been able to follow the ancieid routes through the 
power of transmitted habit. 

This explanation, however, does not apply to tlio ease of the 
Ibiwaiian ndgnints, since there is no reason to supposs tlnit the isola¬ 
tion of the Hawaiian Islands in relation to continental areas was ever 
Jess complete than now; and, although a theory has been advanced 
that the archipelago is the northern apex of a former southern con¬ 
tinent! it finds little support from biologic, 1>otank^ or hyilro^graphic 
uivestjgation^. Moreover, such a continent extending ^iithward 
towarvl Australia would havo been of no assistance, to birds migrat¬ 
ing from America, though its former existence, could it proven, 
woidd reniier easy the e.xplanation of the derivation of the Aii^nt- 
lian elements of the llaw^aiiau fauna and flora. Tlie preJsOliCM of two 
shoals, dtuated^ roughly speaking, midway Iwtwceu San Francisco 
jind Hawaii, has suggeste^l llic former existence here of large islands, 
now sunken. If such iidands really exiifted, which is doubtful, they 
unquestionably would have aided the passage of ^Vmerioan birds and 
plants to the Hawaiian Tslaiida. 

In his interesting article on "'‘Tlie migration of certain shore 
birds;" quoted above, Mr, Clark argues that prevailing wimL^ 
cially the steady trader offer a rejLsonablo expknation of the way 
certain birds are w may be guided in migrating. xSueh an explana¬ 
tion seenis to apply peculiarly to the case of the ^Vineriean golden 
plover, wliich, as is well known, abandons the North -kmerican Con- 
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tjEionl. at LdiEkriidf>r hjicI Xovn aiul uiidtjr <irdiiiiiry 

sftiinoes m\kki^s riu ]i\ri(lfuU till it slrikf^ tlie tTiiiajiu a distaDcc 

uf alKKil *2jOOO nuies. It Ls perliajj^i nion? itmarkitbl^ that instead of 
refuroing in to iXs hrmijn^j by tJw inum rooto it 

takes in fall to its wLotvr quarti^rs^ it folJcjws an nil litiiil remto and 
trarar^ tho loogtli of t\\i> coiitivie-jUd, tho^ furiHsliiiig^ thu woet 
<?xtmordinai::j" mJgnitiori route of any esistin^ bir^I^ as pointed out 
by VmL Cooka, 

An atteoipt to apply to the case of the Pacific plovei' wmteriiig in 
iruwuii thn same principlL^s so %vell worked out for the Atlantic vimt 
form is not sio successful. Abcmt Septeinbiit* the wind that prevails 
in the norlh Pacilic inmiediutely hjiuIi of the Aloiilians is from Uie 
northwest. It 1$ generalty lielievod that migroliiig' IvirdB prefer to 
fly on a beam wind. By heading southwest binls niigruting to lla- 
ttfliS might hare the u^nhwest wind ubf^ani till about the ncighlior- 
hood of inti tilde 30% where they would lje almost sure to pick up the 
northeast trades* By then changing tlieir course to southeast they 
would be enabled to lly with wind aijeam till they sighted the islands 
Tliat Lliey follow such a course in fall iiiid steer their way by either 
the northwest wind or the iiortheost trades there is not a particle of 
evidence that I can l>ring forward, nor do I know any facts to justify 
a statement that they do or do not uttlize the wimlg as guides eitljer 
m fall or in spring. 

The results of reirent e.yperiments by Prof. John E. TViitson with 
sooty and iinddy terns along our south Allimi ic coast go for to prove 
the conteiitioii long tnaintained by iimny that birds actually jiosuc^ a 
sense of direction tantatiioiint to a sixth sense. It we grant this* ns 
w'e may ultimidely bt^ eotnptlled to do, the iiinlity of hirel« to find 
their way tnitli by land and ma is explained witlnnit furtiier Ireubie 
and quite independently of landmarks of any kiml or of the winds* 
The possewmn of such a useful sense w ill explain many ilifBcult prnb^ 
len^ of luigration^ and among others the ap|>fireot eonlideiu?a with 
which mlgtimis boldly launch out frewu Ibiwaii for a 000-mile 
flight across the Pacific, w'ithoot the aid of miy eoinptisa apparent to 
hutimu intelligcuee. 

lianijer of oc/^OfiUr migrathn.^Of the fall mignitiou nf tlie golden 
plover on tlio Athintie it may be remarked thnt, while the birds have 
no land marks to steer by after hniving the northefisl coaftt, tlicv are 
yet within eompsrfilively tusy flight of iho maiuknd, und in event of 
an utifiirorable northenatern wind they erin* and in fact often do 
take refugu on Uic New England const; nnd farther on in l;iad 
weather or in cioie of nnpropilimis winds, they alight for rest anl 
focal ill the West. lndi<53. ^ 


Tl.c Puctfie pbver a h,izof,i„„s r^uic, kItico 

when oiici! dcur of the AlftHtinn Islimds, it t,«t only 
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marks behind, but uiao all porta <.f irfiige. The HaMaiimt Arohl- 
pelago, with the diain of low islands and sand spits,to the north- 
wcBt,, afford u rensotiahio chance for a successful landfall, since 
unitedly tJiey stretch aivay in a veir thin line for some 2,200 miles, 
iroreover, the iKhiuds are close eiiou(!:h loj^'ther so that migi'ants 
Jjigh in air M'onld not be liltely to miss them fjv passing between. 
Flocks that chance to get to tlic easuvarj of Ua^vai^. howerer, are 
probably dtwmed, sines they would hoTS to lly another 1,{X)0 miles or 
so before finding Lilets on wliich to i^sl. The Maniii&saB Group, the 
first idanda of size to the south of Hawaii, is about 2,000 miles away, 
or about 4,000 miles frxjm the Aleutians, and it is more than doublfot" 
if even tlie strong-winged plover could fly 4,000 miles without rest 
and food and aun i™ tlm trip. Tliat many of the niigratiiig shoro 
birds ndurtlly perish at sea admits of no doubt. 

In this connection it is of interest to note that in u fen inatami^ts in 
which island inigrnnts Lave biH.-n sights! nheu near their journey’a 
end, going or coming, they exhibited fiUiguc and evinced a stning 
desire to lx>ard paasitjg v'esselj. Tlje incident noted Ijy Dr. Mcams 
Las been cited. Other instances were reported to me by the captains 
of two island-bound harks, who sighted several small Hocks of jilovcr 
tliiniig the last days of September, ItXlO, when froin 2lX) to 400 milefi 
off riiJo. These birds appeared notch fatigiaxi and e,vhibit«l a strfmg 

calls were^ imitated, 

ti ' * however, while on the Coneiti, October, 1881, gaw a 

small party of plover about midway between Urn Alaska Peninsula 
and the Httwaiian IslaniLsL These birds were lictvdcd directly for the 
IS ands, and they Hew swiftly on Iheir course, showing no signs either 
of nneertainty or of fatigue. Other similar cases might be cited, 
JUm of (7,0 Pa^’fio ffolden plover.—Jt k of interest to note thst in 
fail this i)]m'or migrates before it molts; in spring it molts Ixtforu it 
mlilies. The firet birds to reach tlic urchipelago in August are, as 
stated, adults, and while they are praciically in full breeding dress, 
tliey begin to molt into tbe winter dress almost at once. The moking 
senMn for the sp^i^ is long, and many individuals, doubtless birds 
of he year, may lie found tlie last of December still molting into tba 
fall and winter (W By the middle of Februao- numerous Indi- 
Via unis are already begianing to aiolt n second time and tu ossunjc the 
distinctive nuptial plumage, whicli in the case of these early binls w 
pnictica Jy complete during the motif h of .March, though Individ- 
uals conlimte to molt far into April, and some no doubt complete the 
til 1 stages in :Uaska.‘ Doubtless the individutils to moU first in 
spring are the adults which arrive firei ami finish the fall molt first; 
and doubtless, too, these arc tbe bml s lirei to Ibivo Ilawaii for their 

but whom 
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breeding grouncbs in Alnskti. So protniclefl is llie molt of the sp«ciM 
that it is probably tnic that diirinsr the stay of this plover in Ha¬ 
waii—from mitlOlo August till May—there is not a month when some 
individuals are not molting* 

There is no reason for believing that the plover summering m the 
islands, which, as before stated, are chiefly if not wholly iinmat^ 
birds, participate in the spring molt* At all events, all the Him aiian 
stirnmer plover and tumstonea I have seen were, without exception, 
in the winter garb. 

Whj the plover migratea*—Wc have thus seen that what at first 
might opjMiar a physical imposibility—the 2.000-mile flight of small 
binls across an ocean highway without a single landmark and with 
only the fricndlv winds to guide them, if indcotl they utilize three as 
guides—is not onb’ poaaible, but the feat is accomplished imniially by 
many thousands of individnabs, and apparently with uo stops for rest 
an<l food. ITie wonder of it is but iticrtascd when we realize that 
three annual fliglits are undertaken solely for the purpose of luaUing 
u sojourn of n few brief weeks in .Alaska to nest and rear tiieir 
young. The hazards of siidi jonrneys are very great—much greater 
lhan any land migration, however prolonged-and there is no floitbt 
that of the thousands daring the perils of the trip from Alaska many 
are lost, either by missing the islands altogether or by being caught 
in storms, or hv reason of insufficient strength and wing power.^ The 
fliglit from the islands to Alaska, though not without danger, is less 
hazardous than the soutlwm flight, Isoth Iwreuse a much greater pro¬ 
portion of the migrants are mature and experienced and because, m 
case they lose their way, they have two continents as marks to hit. 

Tile motive for llio fall migration of the plover, like that of the 
otlwr wnders breeding in the far Jforth, is easily understood. TiTItat- 
ever may have been the case in the distant past, to-day the waders 
have no Hltemative. Tht'y must migrate from the Arctic in the fall 
or stari'e, Tlio only choice offered is as to tlie selection of winter 
qniii-tcrs. Thus compelled to migrate, it appears tlmt a certain mini- 
ber of plover and of soveml other shore-birds find the Hawaiian 
Islands n winter resort so nttnictivc that to reach them tliey bravo 
ttiB perils of migniticin across a wide and stormy ocean. I^liy. then, 
do tliev not permanentty colonize the islandsf If adapted to the 
bird^s needs for nine nmutlis of the year, why not for the olhiT three? 

It ren not Iks said of the spring migration of three Hawaiian 
migrants as of the fall, tlmt the binls have no alternative. On the 
contraiy the choice is open, and they would seem to have every incen¬ 
tive to remain, with no very apparent motive to migrate. The chief 
cause compeUing winter visitors to the Tropics to leave and to seek 
nortliern regions in which lo hreed has been supposed to be the over¬ 
crowding of the Tropics in spring and tlie resulting bek of room and 
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pf fopd. Xo such COndJtioTis ftpjjenr to confront tho winter sojourn- 
era of HawniL During iia stay in the islnndn the plover, tis also the 
tiirnstoiie, feeds chiefly in the upland pas-tiires and clearings up to 
C^OOO or T;000 feet, and on newly-plowed cane Imnd. Both the supir 
planter and the stoek raiser liave much to tbnnk Ihe plover for, since, 
while the binlH feed on small seeds to some extent, they live chiefly 
of! insect^r ajid nwording to Perkins, on itii»ets of much economic 
kn|X)ztaDcej since they depend largely nii tlie ciiterpillars of two of 
the most wudely spread and destructive of the island ""cut womi£%’* 
TliCiaO insects are most ahnndaiiL when the grass on the island pastures 
is green and luxuriiint, and this usually is in winter wheo triins are 
mod copious. Unit the supply of focHl in winter niid spring ample 
is suflieienily attested by the fact that the bmla get ptlo such 03 cceUent 
condition. Kven i f it lie assumed that the supply of food in summer 
is less than in gpringj and hence inadequate for the needs of the 
thousands tlmt wintei^ herCj together wdth their young, still tliere is 
enough to sitstiiln ^ery many more than the comparatively small 
numl>er of nonbreedens that summer here. 

From the standiMint of the food supply it is even more difticuU 
to explain why the tattler and the curlew leave the islands in spring, 
since these birds feed almost wholly alongshore^ w'here tliere can be 
liu appreciable ditference in the quantity of food summer mid winter. 

The question why the idaiid plover migrate is all the more diffi¬ 
cult to answer w hen we mneinhcr that the inlands have l>een perma¬ 
nently colonized by certnin otlier American binls^ such as the 
Hawaiian stilt, among the Limicola?, the night, heron of the Ilero- 
dbnes;. the ilaw'oiian mud hen and gnllinule of the Pahidicol^, the 
Hawaiian goose, the short-eared owl, i^tid the island butea These 
birds came to the islatids us waifs, as did the plover. Finding room^ 
shelU^r^ and f^^iotl abundant, they wisely electetl to roam no more^H but 
to become |iermaiieut residents, and to forswear for all time the 
perilous and unnecessary habit of migTiition. Since they suoecs^ully 
resisted the impulse to retnm to their former summer homes lo nest, 
then why not the other species As staled above, tJie failure of the 
plover and tijmstone to Iwcoine peiTnanent colonists not because 
they in'e cixjwded out by other species, in fall tlie migrants from 
Maska dud the inviting island pastures unoccupied, and as they hud 
tliem in fall, so they leave them in spring. 

T can .suggest no very convincing answer to tlie questico, but 1 
may note die significant fact that the present suitability' of the islands 
as a breeding ground for the plover and tumstones is very recent 03 
com pa red with tbe birds* acquaintance with them. The deare<l strip 
a round each island now planted chiefly to cane, which may bo roughly 
stated to lie 3 niiles wide, aiul the extensive t leu rings above this 
strip which sorvo for pasture for cuttle^ are less than 100 year^ old, 
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ni(wi of tht^ loss than 50. Prior to tUelr discovery by Enropoans 
nil tlio islaiids wem heavily fonatcd, nearly or quite to the shore. 
Possibly then tlie plover and other migninLs have been sloTfor to 
realize the situation than the other species, tmd do not even yet appre¬ 
ciate the advantages offercci by continuous island life. 

It may be said, too, that the ajiring migration of the plover and 
tiinislono is so intiiuately iJitenroven with the fimction of repro¬ 
duction that we are quite mifo in ossmning that, were it not for the 
desire to nest, the binls would never migrate. Tlinee. in fact, which 
are not sUrreil by llie impulse to nest, cither because too immature or 
too old, do not iiiigrutcj nod tlie intimute connection Iwtwecn "”S™- 
tion nod reproduction appears further fniin the fact that all t e 
individuals that migrate don the miptial dress Ijcfore they start, a 
sufficient diH’laratinn <'f their purpi^ in undertnkihg the trip: while 
those that remairi retain the dull winter plumsgc. , , , ■ 

It appears to lie true of all birds that, having once reached tlieir 
winter quarters, be they near or far from the summer Imme. no 
migrutiiig sped™ attempts to return to its summer haunts till stimu- 
latetl therchi liy the profound physiological change consequent upon 
repmiluctive iictivitv. This liiipnlw is not primarily due to chiiii^ 
of season or to eluinge of temperature, but is fwriwlic and physiolop- 
cttl. Wlien once felt, every instinct seems to impel birds to take the 
shortest route to the spot w'hcre they first saw the light or where they 
have reared young. This has often Iwen called the home msttnet. 
In the case of maov species the phrase is not very happily dusen, 
though 1 mvsdf liaVe usetl it, since that locality is more pPo|x^riy to 
be tailhd a bird's homo where it spends tlie greater part of its life, 
rather than where it spends a few brief weeks flonnally. Neverthe¬ 
less the p<uver of habit transmitted through thonaandB of years is 
^■prv great, and it is proliably this infliience assewiated with the repro¬ 
ductive instinct which so far has prevailed over other considerations 
and eauRcil the plover to migrate from Hawaii in spring. 

If the Charadriidinc birds, the plovers, sandpipers, and curlews, 
origiuiited in the Arctic, as Seebohm and othera believe, aud were 
forced by the exigencies of the ire age to become wanderers over the 
face of the enrth, then indeed Urn spring migrntlnn of the waders 
from their distant winter re«!orts is more fitly termed a return home, 
and the instinct prempting the flight tlio homing instinct. Originally 
forced hy the ire invasion to abandon their then Arctic paradise and 
>;evk sheiter and foot! in distant parts, as the ice receded they grad- 
imllv formed fly lines to and from their summer and winter homes 
till the habit formed during thousands nf years liecame so fisdl lus to 
absolutely dominate many specica. That it did not dominate rU of 
tlie original migrants, however, tt[>pwirs from the foot that permanent 
coloni^ here and there even in tropical regions, showing that 
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under certain cii’cuiustancos the habit of niignition can lie and is 
overcome. Of the island plover all we can say is that, so far as wc 
can see, its Spring migration to its Arctic breeding grounds is not 
necc®®ry, except in so far as made so by Ute tyranny of habit. 

This cx]>lanation Ims at least the advantuge that it explains noth¬ 
ing, and hence leaves tlie problem open. It siiuply sliifts slightly 
the point of view. We jjerceivo tlvat tlie island attractions have 
])roved suflicieiiUy strong to make permanent residents of certain 
species which have strayed to the urdii[>elago. In the case of other 
strays, like the island plover and Uie turnstono, either the island 
attractions are not so strong or the birds’ Jove for llieir original 
Imbitat is stronger, and they continue to migrate, though with much 
danger and at a great cost in lilies. 

Befon' leaving this subject I must add that several independent 
olwervers have rejKnled finding a few young plover and turnstones 
in sununer on the coast of Kau, island of Hawaii, and at one time I 
thought it possible that a few curlews also remained to breed; but in 
the case of none of these species was 1 able to fully’ satisfy myself 
that the hirtls reported were nestlings. It is, however, not impossible 
that occiisionally a disabled female plover,tattlcr,tumstone,oircnrlew 
secures a mate and nests in Hawaii. Indeed, It seems highly prob¬ 
able that it Is in this accidental sort of wa.y that new avian colonies 
arc oceasioually planted. Such, indeed, may be the explanation of the 
resident colonics of ^Vmerican species like the coot, gallinule, und 
othera above refermJ to. Possibly, too, young birds of the year 
remaining for tlie summer occasionally feel tlie breeding impulse 
after their comrades have left for ibe nuith, and so breed and found 
permanent colonies. 
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Bs'' tlie plumage of tins 05 ;inch Is unclers?tootl the entire covering at 
fwthcn? on the bird nt any one lime,! This is not Lhe same iit all 
periods, for the bird vnries preotly m nppeBmnce between Us chick 
ond adult condition, tlepciidcnt upon differences in tUc form, color, 
mid otlier clinractcrs of its fenthere. Visitors to zoological gardens 
in other countriis, aceu 5 tome<l to seeing only the adult ostrich, would 
Bcarcfly recognize the same bird in its earlier garb. 

Four well-marked plumages can lie distinguisJied in the ostrich, 
namely, tlie nfltal, the chick, the Juvenal, and the adnlt. These repre¬ 
sent four distinct kinds of featlier which each feather socket on the 
bird can produce 5 but, as regards the bird as a whole, the passage 
from one stage to another is gmdnal, as tliere is no well-defined 
molting period involving a complete simultaneous change nf feathers. 
Fntil the adult plmnage Is reached there is an intemiingllng or over¬ 
lapping of the feathers belonging to different plumsgo stages, the 
older feathei^ being distinguished by their worn and faded appear¬ 
ance as contrasted with a freshnesa and perfection in tha newer. 
Many birrlii, espt'cinlly in colder regions, vary the character of their 
plumage between siitiimer nod winter, but the slight seasonal changes 
of South Africa have stfancely any inlluence on the feathers of the 
ostrich, and in the adult there is little or no difference in appearance 
between summer and winter and a well-defined molting period baa 
not tjeen establiabed. The change from one plumage to the other is 
dependent upon uge ond nutrition rather than upon cUmatic con¬ 
siderations. __ 

^ nr-priBliHl Iff eorredloitt bj the talbor, tnm .VfTlcUl tnnll 

Journal of thcr Uotoo of South Afrlcl. I'rHorUl. Otw^rainHnt FTlbtlni; and StMtlDnery 
fldlcR VdL Sfix I, pEbruarr. Iftll. TMi tvttei? li ID contlDuiilM df a Mrl« ™- 
trtbbted by Tr. Ehivinirti fram tiro* ta llnii to tlw Ct|>e AirntultiLnl Jroilttll- 

■Arodoe fumm tin? tdim rlunalKro li |iOIIl#E|n»?* natrlfted M M lo roffir odI? to the 
Wbttn wbag riallli, rtuMS by an ostrlcll La “ftlll pliimafld" in tiadl?r*t(»d (kB# Ifl Which 
the wlapt tilcrtiiti ITd fully dPTdlOiB4^ when baTC ctipywl DDd the qnlUa odIj 

rtiroaJti n krini la Mid to btf "Id qullliL'^ ThtoDirbbUE tbJ* p*|?eT, twweTcr, litnmjigc wlEl 
jef*r to tb* coTertne of fflatbeW M a wbolE, 
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TIIE > ATAi* fjR HlFm rLUMACF. 

Lik« Itic younj^ ftf mnuy nther binls, Ih^ oairirh chirk »( iuitcliing 
b RliTpAtly pmvitled willi fpttllicrs m llm farm of dowii, Tliiii b the 
jiatnl or Ijirth pluuiugt^ and consiats of only down featbera,^ whkh 
rtf^ very different from the feathers whicJi avjII c^lotlie the bird Inter- 
Some of thefio down featherst taken fniiu lUe bnck* sides, anti iinder 
siirfiioci. arc Rhown in the illustration* (PI* 1, iig* 1*) 

Thtiu^h difTeriiig some what in size, the dow^n featiicu-si ore of the 
saine dnmicter all over tlie IkmIv and wing?, a contrast to the various 
binds of feathenj which the bird produces later. They consist of 
siinill tufts of plumules,, differing in length, and at! staiting from 
about the same level, tbei^ \.mng no shaft or stem, as in tho hiter 
featlier&.'* ach tuft cofi^sb of fmm IG to 20 or more plumules^ of 
fthidi ill least 4 are ruiicb longer than ibe othei^* bring about 
indies in length in ttie side feathei's but orily about lialf as long oiii 
the back. A phtmulc is made up of a tcntFal axis or barVi with 
small delicate burbules on each side. Toward their fite ond the 
larger plumules are without barbules, iind on tlio down feathers of 
the hack are pmlonged into a rather ctHirso, flat, curled, strap-like 
portion, hut on the fcatheni of the side and heloiv they nir* narrower 
and more hair like. The Gal naki'd pads of llie barhsgive n l>risily 
hedgrhogdike upiieanijice to the young chick, and stand out cod- 
spicuoiLdj against the rest of the plumage, (PI. 1, 6g. 2*) Host of 
the remaining plumules have burbule^ all along thinr length and vary 
in siz 0 from an inch and a half to half an iueb^ while tw'o or three 
am fchorler. Ttiese soft dclic4ite plumulsss give the ilowny chanicter 
to the under part, of the phi mage of the young cldck, though this 
somewhat obscured toward the surface by the bristle-like chameter 
of the barbs of tbc long plumules; (PL 1* fig. 2.) 

Even at the time of liatcliing it is possible to distinguish in the 
natal down great diffen-nces iu tb<s feather-producing caj>acily of 
various stniids of binU. The down feathers in some stilus are alinost 
double the size of the feathers in other jit rains, while others again 
are deiiwer iind more glossy. 

At all ag;^ the neck and head of tlie otstrieh am, as regartls their 
piuuiagc, sharply dbrtinguished from Uic of the bod}*'. Theae 
[uirts are ^tueiimes desicribed as naked, but as a nnitter of fact diev 
are thickly coveretl by feathers which nm much smaller than tlio^o 

i Down iiv «Ki#EliDPi t-ermwl “ ntajiurlc*." ttjt In rc4fhpr t^nnlimlocj- Jl 

U hrsl td utfr for ueb bailji aad Eh# borlmlfU «.ttlscbe 4 to Ha iUt^ Tbu v^acla 

c^^DHlIturAi Ilf » down fd*lbf-r wlU ^ n nj wrll ■.» wficb ■fptrntw imrt of tbi 

(JqlT firiiln^ frfttn ihv iltufl iQ Ui# Mdalt jAumt. 

= 1 t huf Itirlj bi^n that twth the iaift wuj .]iUEI jitf 0t.B4.nt from tb# first 

ilnom frothir# ef blrtJip lb* !»t 1 h c,i tfao Aowa fiwtliAr |HJt»||]|r wUtMut IdtiifniTirloD 
Intv ih# npw frolJwr IwlO'r, la the lorffp f^ObEnB vt Ibe nrtflEfa« hoFc^r, thm 

in folljr Umlt an iBtb of ^utK- 
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nft the body and wings, and have one or uiorts of the plumules pro¬ 
longed in u hair-like fashion. These hair-like feathers become bristly 
ofi tlie bend,and fonn a special tuft [irnund the car opeQingi!i,atii! also 
serve ns eyelashes to the eyelids. The head and neck feathers of the 
chick are tufts of plimmlcs like those on the body, only much smaller, 
Exurnples of the same feathcj'a as they occur in the adult are shown 
Lti jdntc 8, figure 1, and are seen to have advanced very little beyond 
orditiuiy’ down. They do not overlap one iiiiother like the feathers 
on (he liOfly and wings. 

The neck and head feathers varj' in color in the chick, and on the 
neck the colors are so arranged as to give rise to from Eve to nine 
longitudinal dark bunds, which are either continuous throughout the 
long neck or iiifentipted, rKually the dorsal tliree or five Imnds are 
con t i ri oons, wli i le the rest u iv bivjken and soniewh at ill tlefi ned. T hav 
are shown on the chicks in plate 1. On the head the dark feathers are 
arrungnl scj as to produce a V -shaped pattern, the angle of the 
V ]}ointiiig toward the bi'ak. The sides of the V are either continuous 
or interrupted, this, according to some, denoting a sexuai difference. 
The pncnil color effect of the upper part of the head is a rich brown, 
shading off down the neck- On scone thicks a small naked patch 
m'ciira on the back of the head and disappears laler. 

Tho down fuiithur!^ of the back and sides of the [»dy als(> vary 
in color from light to dark brown or nearly black, and, being inter- 
ndnglwl, give n chnFncterisllc mottled appcanuice to the chick, as 
shown in iihite I, figure the feathers on the under surface anil in 
front are much paler in color, either yellow or white. Rut newly 
hatched chicks vary much in the general light or dark brown aijpear- 
ance of (ho natal plumage as a whole, dependent upon the relative 
number of the light and dark feathets, Tu some down feathers, 
light nod dark plumules are intemiingied, Init usiially a feather is 
i?khrr fijio ^hacIiL^ nt thp other. 

BoMi nofl frhitk fathers ure fcMirid cioverin^ the out^r surfaco 
of most of the upjier region of the leg, but as the binls become older 
they larg^'Iy disajjpear from this part, leaving the legs altogether 
tmkwl (ph 3, fig, 1); impressions of the sockets, however, roma'in for 
a longtime. 

The natal feathers are not m<tlied m tlio ordinary manner of 
later feathers. A week or two ofler birth tiiey begin'to be pushed 
out of the feather sockets by the chick feathers grooving below, tho 
first to apiwar l>eiiig (hose along the sides of the hinder part of the 
\)ot]y. The down remoiiis continuous with the tip of the new feather, 
ond there persists until broken nr worn off. On tho tip of (he wing 
fjiiiJlit tho natal feathers remain for sLt months or more; that is, 
until the feathers (spadonas) are clipped or tlie tips worn awav 
(pL lig. 4), 
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the CilICK PLUMxtGE. 

The chick plumage that which appears soon after ttie chick 
hatched, and is competed at the age of about 8 that is, 

when the wing qiulis are fully ripc^ Iwing tJie lost to ooiuplete 
their growth- The fcaUiora of this plumage are formed of the 
ordimiry quill and plume, the flue of ihe latter being equally devd- 
o|Ted cm eaicli side of the shaft or stem. The chick feathers are distin- 
guiiihecl from the later feathers by lieariiig at their tip Llie natal 
down feathery <liio to the fact that the growth from the birth to 
the chick feather Is ccmtlnuous; ^ they also tajier towanl their free 
end. The feathers, surmunded by their diontli, begin to make their 
appeanmee when the chick is a week or t\^o old^ hut not all at the 
f?aiiie tiinCt Um earliest to push out being those orcr the ddes of the 
hinder part of the bixly. TIio flue begins to e.xpund wheii the chicks 
are between 3 and 4 weeks ohb 

Tlwa chick plumage lasts for a varied period^ dejwndetit partly 
upon ihc nuirilivecondition and partly u|i^sn the strain of the bird; 
some of the feati^ers remain on the birtl for a year or more, while 
others are molted l>ofore the bird ifi months oid^ w hen there results 
an intermingling of the chick and ]tivenal plumages. 

The dbitingtiisliing feature of the chick plumage^ as of the early 
plumage of many otlier birds, is its mottled di a racier, agi’ecing in 
this respect with the natal pluiuago. In the chick, however, tlio 
moltliisg is not due to an intermingling of light and dark feathers, 
hut to the fact- that the upper pari of each fcatl^cr is light brow'iu 
while the lower ymti Is of n dark gray color (ph 2, fig. 1), The com¬ 
bination of light brown and dark gray colors gives a peculiar mottled 
or variegated c^ilor to tiie chicks for the greater part of the first 
yciir. but is more proncmncetl during tlie first ^ix nioiiths while the 
feathers are young aiid fresh. Chicks from different parents vary 
much in tlic proportloji of light brown and dark colors on the indi¬ 
vidual feathers, and hence in the general light or dark mottled 
effpcE i,vf the pliunagij! as a whole. The dark baiids on the neck and 
head are nearly iis protioimced as in the natal plumage. 

Hie various kinfU of f«illier=i—botly feathers, coverts, imd wing 
and tail quills—now begin to sdmw for tlio first time those differoucefc 
w'hidi urt tmdi a marked fcaiurt' uf the adult The wing quills 

^11 liAi n^vDllT Uva lliMt ta is4dj blrOA tht* 'barb^ of nnr f^jAthitr nfm 

dJftCtlj wJlb U}^ hftrlsa of Ihr d™-* no fr-U hnsab oc^itrrUi^ tHNlinwii 

tilt twc- Vor Ibi* nrilHD kjim wrlli^n ^?^sn^^^Se^ Umt tlift acrwH f«atl^en do not TtpewfU 
n dialled pluDW. "tial upon » Iht fflnllflnl tip of lire dnt ttoE feathrr 

I the fkflnUWp fcmUWTj^ la tb" oatrltlu boweTe-i^. tlrr# ii n Otflb Lte tl3uU|;h wimk qo!ll. 
WtiPh lELikn ft ill#ilt3<?t bn’fih bftwrtn ili« turbi of ttw deiwa fenlhiOT iihd tboH qf thfl 
ctilcl a*tber. Wnn-oTrr ihr quill of laWr ftiftUix^ maturqU^- n»lt.4 U AIk conllatiotipi 
with IfewH ttp of tbP nefw fnftlhfr. bpraklniE (rfr friKm It iworo ivAdiljr Ibnn do Lhfc na^aJ, 
ic-aibfll* iMi tccou-cit Itft ^iTftlPP wuSjjbL 
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{iTiiiig¥^) lire ftinn I to 3 fwL in lengtli wli^^n full irnjwTiH mui, 
lik^ the Jater wing ijuillat 'ary mudi in length, bre^idtlu utiil oiher 
ehamcters uceorJing to thci s>tniiii. Like the rest of ihe eUick feathers 
they never form the fnJi mimdod tip chiirurterbtie of tl^e Jater wing 
quilts* but taper coiisitlerabl>% hence their tevhfiienl name of spadonn, 
flerivt^d from the Italian spadane, iho name for a long, hen^-y jiword 
(pi, fig, 2). The fliJG is somewhat narrow anti tJiin compared wttii 
that of the later wing quiib^ and light brown above and white or gray 
tielow, the white lieing the tnore valuable* As the s]>adonas attain 
tlieir full length they seem dlsprop^>rtlonateIy large for a chick of 
5 or 0 tiinnih^, ami when the wings are at tvsi the fcnthers of oppo¬ 
site sides may cross over one anolher under the body and behind 
the legs. From tindr nearntw to the ground^ the tips are more or 
loss wont away as the plumes become fully grown- 

Tlie rectriceSj or tail qnilla^ are white lielotr, ^fray fibove, and 
tipped with the usual hrtjwn, varying much in llie prnporiions of the 
different tlnts^ They are much shorter than the wing quills^ and, 
like them, taper toword their ftw end- 

The Ixxly feathers of the buck and sides vary somew’hut in length 
from different parts of iha chick, and also in dUTeivnt rains of 
birds, bnt they all narrow lowartl their free end. The wing covert^i 
nnd Imdy feathers are of nmeh the same shape, narrowing consider¬ 
ably toward the tip. The lower part fif each ra a light or dark gray 
color, while the upper part is light browTi; the hmindaiy^ between 
the two colors is irregular, and the proportion of the two colors on 
each feather also varies considenihly. The chick feathers on the 
under part of the bo^ly ure white or gray, and do not overlap in the 
same iray as iho npijer feathers, 

Tlie wing quills or spadona^ of tiie chick are practically the only 
feathers of any commerelid importance at this stage, the wing coverts 
and tails having but Httio valuer The spadonaf^ complete their 
growth, as legunb tlio whvie of the plume and an inch or w of the 
qtiill, by the lime the chicks are from t> tii T months old, and are 
then clipped for sale. The qtuU is, however, allowed to rt™ain 
111 the socket in oilier to complete its development. This ret]uires 
ab<xit two months longer, so that the fenthex has not actually finisbixl 
its growth and ripened bc^fore the chick k S or montl^ old, by 
which lime all the other ft^tbers have ripened ami many have been 
replaced by the featJiers of the nest plumage* As the feather riperiii^ 
the blocKl in the cejifrul tnediilhi or pith can f>e seen to recede 
slowly down the quill, which then Ijeeonies white and dry, filled ii Jth 
air, and hollow except for the presence of thr horny feather cones 
which successively cut off the med^ulla. By the end of two months 
from elipidng, the quilk are practically ripe: that is, ihe bloo+J has 
left the medulla and the whole quill has hardened ond is narrow\‘d 
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toward iU extremity. Tt may th^n be e:^tmrtefl without injury to 
the bitri. The plumes are clipped lieftire ibe lower part of tjie quill 
is ri|ieii(!fl, othenirise their tips ’would be niudi worn, and the feother 
as ii whale gri^iitSy depreciated in vnliie; this applif>s iiLs^^ to all tiie 
inter featlier crops. As the severance takes place tliroiifili the upper 
ripened part, abov'e the blood in the pitbj there is no betuarrhflgei 
trhidi shoidd be avoided for the sake of the Inter feather. 

As re^rds the feathers of the chick plutnaj^ there is no relbble 
sexual difference in the ostrich, notlmijv to indicate wliich are cocksi 
or henji, a matter often of much importance to the furiuer, T^siially, 
however^ the spadonas from cock chicks arc lifrhter tlum thosr: froia 
the hens. To determine the sex wdth certainty, howeverj other char- 
acloRj are availuble at this time, 

TTic ’wing plumes being clipped at about t5 mauilis. the tail quiils 
and tw“o rows of wnng coverts are iiUowed to ripen, and are plucked 
at from 7 to S being of little value they are mrtdy dipped^ 

All the otliej- feathers of the cJiick plninuge are allowed to follow 
the natural method of molting. The pr<K"csSi is carried out nt very 
different times in different parts of the bird imd will be dc^Tibed in 
connection with the juvenai plumage. 

From l> to 0 mouths on’ward the chick plumage as a wdiole begins 
to lose itH primary characteristics, llaiiy of the body feathers are 
early pushed out by those of the jiivenal plumage, and, as the latter 
are larger and uniform Ij steel gniy, they show conspicuoiij^ly amc?ng 
tlie motLled chick plumes. The chick feathers drop out first in the 
hip region by the time the chick 5 months oid^ tbnt Is, before HOine 
of the other feathers of the pluinage nre fully grown. The chick 
feathers which are not replaced begin to lose tlieir freshness of color 
from abmit C months onward, the ligbier brown at the end of tlae 
feathers especially disappearing, in the wear and tesir the tips are 
generally w^orii aw'ay, and the adhering natal feather is broken off. 

Tlie gciu-ml color effect of the chick f»i?trich^ in botli the natal and 
chicksta^ (pi, 1, fig. 2, pb 2, fig. 1), woTild appear to have a protec¬ 
tive significance, the light and dark molt lings cJosely resembling tlie 
tliy veld or grass on which the chicks usually crouch in nature. When 
at all alarmed, chicks suiddctily scatter and tlieii drop flat on the 
ground, with the neck and head extended^ exhibiting death feigning 
to a greater or less degree, and in Ihig condition all fanners have 
nr>te^i the iliffiriilty in rectjgniziiig the chicks on accouiit of the clo^ 
iTsemblance which they bear to their Rtirnjuiidings. 

rJEE JCVUNAt* rLLVilAOe. 

The third or Juvenal plumage represents an uitennedlatc stage 
hetwen the chick and the adult plujuage. It does not, however, fob 
low immediately upon the sBC'ond or chick plumage, as moltiug is 
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never uniform over nU the bfxly, Tlie b(«ly featbers of the chick ere 
pii?he*l iviit (jradunllv^ one at a time, not MmultancoiiHlv, from ■! or 5 
months onwiird. and arc replaced by larger feathers of an altogether 
different type. Instead of Ijeiag moiilwl, the new feuthera are of a 
uniformly dark gray or slate color, often tinged with white for a 
time ut the extreme tip, wJiirh is no Iontapering but rounded (pi. 
vt, fig, 1), IIlo Juvenal feathers first nppenr along the sidea of the 
hinder part of the body, a number coming out about the same lime. 
Often the chick feather will remain attached to the tip of Iho new 
feather, hanging loosely, and only breaking off after tlie juvenal 
feather has protpiidud for some distance. After a number have 
gmwn out at the sides othemlwgin to appear ulongthe bark, and then 
odd ones piisli out over the bmly generaHy. i^ne chick feotheTs 
may, however, remulu in tlieir sockets mifiJ the birds are J3 months 
or more old, those arijimd tiie base of the neck Ijeing tho last to drop 
out. The nipidity of the change is partly deteruimed by tho nutri¬ 
tive cimditiun of the bird urid partly by tbe strain. 

The chick, as a whole, ijcgins to lose its mottled appearance from 
6 to 9 months onwanl. lliis is partly due to the repliicement of the 
lighter tippeil duck feathers hy jiivenals of a uniform hue and pnrtW 
to the fading and wcuring away of the light brown tip of the old ones 
remaining. By the time the chicks are a year old, nearly all the 
b«l.T f<.yh..s .ho., (h„ Hl,l. „r d„t. color of (|« 

,^1 o soiiicThat Waiter than thoso of the horn. 

All tlie feathers of the plumage, Imwever, arc not fully ripe until the 
birds nro about ItJ months old, as usual the lust to ripen l>ein<^ the 
wmg ijiiilk In the w ild chick some of the wing ipdlls would ripen 
much later than this, for, in nature, the first ijiiilb are not got rid 
of all at the same time as is llm ca^ under farming conditions 

The ventral or underbody feathera of the juvenal plumage are 
ihite light grey in botii the eock and the hen. but by 16 montlis 
some of (he true blacks are hi^iniiing to sJiow in the cis-L. and, ulti- 
111 ^ 1 ^ " sit; all black in the cocks but muain white in 

ITnder farming condition.s the qniUs of the spadomis are all puflet] 
out at from 8 to 9 montlis, and the wing quin, the Juvenal In^gin 
« ^ow in nbou a month a time. They have lieen found experim;,!. 
ally to grow at (he rate of from 1 to 3 inches per week. The Juvenal 

Sf/ "'"‘rt ’ stJmelimes uniformly 

white in the ewk, tliough usually they arc tipiKHl with black 

Rarely some of the juvenal wing plumes in the hen are pure white- 
generally they are tipped with bJnek or have an irreguhi admixture 
of ^.Vf «Qd iljoiigh Mmetimes are uanally not as deiiso nor 

largerThun the ^juvenal wing plumes ore much 
(arger than the spiidonas and more rounded at the loii. but the wing 
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[}ltiuj4^ do uot readi tlieir full aiz^ uutil the next stft^re i>r oven lEter. 
As a result of the highly stimulating conditions of artificial fee^-ling, 
if is foimd, liowereri lliat the plumes tend to attain maturity at the 
Jiivenul stage, and advatico but little afterwartb* This is more ea- 
pccinny the case m soiue strains than in others. 

The juvenal tail quills of the cock are now wliif« or tinged with 
ligiit or dark brown \ those of the hen are iisiUaUy a darker or lighter 
mottled gray. The Juvenal upper and under wing covert^i are, Like 
tlie !>ixly feathers, or blackishs darker in the cock than in the 
hen- Tlie small black feathers of the neck and head now dlsappetir 
to a Jaige extent in both sexeSj m that the dark longitudinal bantls 
of the chick are scarcely roo^i^gnl^blc. Thu covering of the head and 
neck l^et-onic-s a pale gray, ahnost widtc in fiomo stminsr and often i\ 
pure white ring inten enea between the neck and the Iwly featliers, 

With the juvenal plumage slight sexuat dLstinctions begin to umtii- 
fesl themselves. GcnenUly the body feathers sire darker m the cocks 
ttmn in the hens* tJio vent nil or under feathers are w'hite in the latter 
but change to black in tlje former; the wing quills of tlie cock tirt^ 
pure wdiite, tismilly tip]>ed with black, while tlio^e of the hems are 
nearly always tipped or tinged throughout with gray^ The plumage 
distinction between the sexes is, however^ by no nican^ so decided 
at the Juvenal stage ns later oiu when the true blacks appeiir in the 
cock while the body feathers of the hen retain the dark gray i»r drab. 

^niXT IT-UMAIJE. 

The adult plumage in the cock ostrich is altogether different from 
that of the hen; even lU a glance the twt> .sexes are conspicuously 
unlike (pL tij fig+ 3), The full distinction iw reachefl when the birds 
are aljout 2 years old, but great variation nceiJi*?^, some strains com¬ 
pleting their changes much before others. 'Flie adult cock bird is 
chameterized by the possesion of block l>irRly feathers iiiid coverts, 
the hen by drab body feathers and coverts (ph 4 h Bg. 1). llie differ¬ 
ence nmy perhaps be ht^ttcr appreciated by saying lliat the hcM retains 
throughout life the same dull gray color which she had in the Juvenal 
plumage, while the cock par^scs ihroii^i the Juvenal to a stage where 
the feathers are blacks Both sexes arc practically alike in color 
far a^f the Juvenal plttmager ^"d the hen retains the somber color 
ihroughotit life while the cock goes a stage further in w hich he h 
more coBspiciiOiis." Similar sexual relationships hold in many other 
animals^ the female remaining at an earlier developmental stage 
w hich is common to both^ w hile the timlo a^umes another more showy 
garb, differences which may perhaps have a liearing upon questions 
of sexual selection and protective rft^^mblance. 

In young cocka there is a marked cemtrast between the gray or 
drab feathera of the Juvenal ptumage and the black feathers 
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of tliQ udnlt ptumufi^. T!ie limc at which iho tmo blacks aliow 
theuiselves varies much in diJferctit birds, and as these feathers arc 
of greater ralue than the drabs, the earltness is a mutter of ^oiiic 
econtunic impoHance. The hlaeks on the sides wiU sometimes appear 
before the birds are a year old, but usually they are later, though 
before the etui of two years all tJie body feathers and coverts u lll be 
black. Often in birds between 18 months aiul 2 years a few odd fade^l 
fentlieis of tlie invenal plumage are conspicuous uinong tlie fresh 
Iniv blacks^ 

With the fourth plumage, “secoud-after-ehicks,” the vahiahle 
iving quills of both tha cock and the hen have usually reached their 
full size and show their best characteristics. The plumes attain 
ripeness by the time the bird is about g years old, ihotigb bi forwanl 
birds the quills also will bo ripo by this time. With the exception 
of a few feathers toward each end of the wing, the wing fpiills are 
pure white in the cock (“primes” or “whites”), hut are usually 
tinged with gray or black in the hen, cither throughout or otilv at 
tbcj tip (“ feminas ”) (cf- pL 4, fig. 2; pi, 5). Tlie detailed characters 
of tliese feathers, whidt determine their value from a commercial, 
point, of view, will be described later. 

Tlie tail quills of the adult also differ in the two sexts. Thoso 
of the cock are nsualty white Iwlow' and yellowish brown almve, while 
in the hen they are mottled light and dark gray, the pro^rtions 
of tile light and dark areas vaiying much. At firat sight the brown 
color of the cock's tail feathers mi^t be supposed to Ije merely a 
discoloration from dragging over the gromid. but it is found to^ lie 
the true nututul color of the plumes in uiot^t cases, thougli some are 
nearly pure white. As the cocks generally carry their tuilg erevt 
or pointing forward, tlm light brou’n feathers stand out very con¬ 
spicuously against, the blacks of tlie bo<ly. 

Except a.-! regards position the passage from the wing and tail 
quills to the (TOvertri and Imily feathers is gradual. Toward eadi end 
of the aeries of wing ijuiltj three or four of the plumes of the cock, 
insteacl of tieing pure white, are a particolor of black and white. 
These are technically known as byock-s or fancies (pi, 0), and are 
very attractive plumes, realizing gooiJ prices. Tlie bi n likewiiie shows 
“ hen fancies,” a mixture of white hiuJ gray. Similarly with the tivo 
rows of wing coverts j wliilc usually wholly black (pJ. 7) or dnib, 
many are white in places, particularly towiinl each end of tlie plume. 
Likewbe the white and brown tall <|uills of the cock are not succeeded 
by wholly black feathers latt hy particolored feathers, in which tlie 
white, brown, or black are displayed in varj’ing proportions. Thei^e 
intermediate tail feathers are known as “ black butts.” 

As previously stated, the neck and head of the ostrieb are covereil 
with small duwnlike feathers, giving these parts an altogether dif- 
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frrviit rtppearnnce from the rest of lUe Ijctdy (pL 3. ; pi. 4, !)* 

of tho iieck and head featliers as they occur in thti iidult 
ostrieh iiitj shown in pliUe 8, tigtire 1. In mmt ™Jrt birds a con¬ 
spicuous ring of SQiuU while foal hors occurs loward tlie base of tlic 
neck; that is, where the black bod}' fealhens \m^ into the gray neck 
feathers {sec the ooirk in pL 4, Jig- 1). Two of the^^ are sbow'ii m 
plate 8, figure I, anti reveal that a friv of ifte liurbs at Iho Up are 
prolongeil beyond the otiicrs in a hairlike fraliion. This character 
Ix^mes more etiiphasiKcd in the featlic rs covering the rest of the net?k 
and head, m aI:LOwn in the same illiistnition. They are iloivnlike in 
character;p the quiil and sliaft undeveloped, the barbs delicate and 
hair like, [ind tho cent ml barb probiigotl iniicli beyond the others. 
Owing to these long barbs liie neck and head i^eeni as if provide^! 
w itii a sparse covering of hair, which is especially concentrulcd m a 
circular tuft around tlio ear openings and ahso around die ejdida^ 
forming the cyelai^hes. 

The under or ventnil body feathem arc tiwall and hlaok in tlio i;o«:k 
but white or gray in the hen. In the adult the foatben^ have all or 
nearly all disappeared from the upper part of tlie leg, which is tJjeii 
naked thmiigliout its length; the original feather sockets shoWi how¬ 
ever, for a long time. 

Tiia third and fourth clipping^i are generally coasideictl to repre- 
s»enL the best efforts of the ostrich in i he direction of feather produc¬ 
tion (pi. 8, iig, 2). Tho plumes do not improve from thi>s time 
onwaixl, so tliiil the farmer is now* fully aware of the feather value 
of his binl. Ostriches whiclj arc w^eli LreaLcd conLiniie to [produce 
feathers of the iKiine qmdity for a nnmU'r of years, well aiitheiiticiitefl 
cases being known of birds 35 to 40 years old which si ill produce ii 
good plumage. Where, however, llie production is forced* m in 
securing a clipping every eiglit or nine months, some bird^ are found 
to deterionite after four or live years; but great variation is observed 
in ihb respect. T’he plumes also depit^ciate rapidly if llie pmctice 
is followed of clriiwdtig the feathers or quills before they are fully 
ripe, A ihnl abiOMt usde^ for fentbor production may yet be valu¬ 
able for breeding- 

A few genei'fll corns!derations call for notice. Tho approximate 
ages given above at which the wing plumes attain ripene.ss only apply 
to ostriches under dottiesticalion, in which eveniiesis and greater 
frequency of growth is attained by pulling the qutUs inimedifttely on 
attaining ripeness. By this niciLii^ dippings are secured at b month?^ 
at 14 mont^^ and at about ^ yeare, the last representing the adult 
plumage. Wlien left to themscIviiES; that is, when not drawn arti- 
ficiallyT the quills are not nil molted at the !^me time; some will 
remain in their sockets for months longer than others mid hence 
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delay the pliimsge stage of the partictilar socket, 'fbe natural nrrlcr 
according to whidi the various plumes appear baa not yet been deter* 
mined, but it is well establi^ed that the feathers toward both ends 
of Iho wing develop in advance of those in the middle. It follows 
from this Irregular molting thah in a state of nature, the time at 
which all the wing plumes, tail plumes, and even the coverts have 
reached the adult plumage stage will bo much later thuu that given 
above. In s wild ostrich only a few of tlic wing plumes are growing 
at any one time instead of the full number as in the domesticated 
bird, where the growth is regulated artlhcialiy. 
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1* NATiftL on BjRTH FeATHEAS, COHSi&TiNO OF TtlFTB OF I^UUMUL^S ^ITKCUT 
ANY Shaft *yr with a Short TEflwrNAL QiiiLJ- 
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Plate 2 . 



1 * A Group of Chicks About S Months Oto, 
Showing the Mottled Character op the 
Chick Pluntaqe. 

Moi^h tipcllif fivOaijr li EHp'’riii||' ild^ 1 brirwii aI tll« 

tip, wh\l^ ttw the feAl-h^T 1* ElArk u**y~ 



2. SPAGONA9 Oft SPAO& THE pIRST WinO OUILLS OF THE 

Chick, Cuffed at asout S Months^ 

The iilIeSiIIa qaiij iiim Ijdb en Umh imiftl fnAlhet mi. tip. 
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I. CtHitK A UTTUiOveFr e Months Old B^C^mnwQ to 
LOSE THE M&TTLEO ChAHACTER QF !T6 PLUHAOE. 

Thp j nTi^nal HijpmrMl IIh> hlilt< mul wtn^ Ccrmpo- 

n l tJj w hlic nt rtrikEuJ^'il 11 [i. Tlw fcutiki-fii Imvq 
■iDktwi i] tIisJi'pc tlhs cuh-lt I" iinlhircu Sn 

ri.i'lpr I bAT3 JujfOLi±i»iH^f bifiJs. wrul llm iinfcral hrailLen mm 
Ifmy. Thi* Wiiur Inlnd trjLEi.-uaL>il. Ihi.- nukinl imrt cif 
bMi' iLcufenkia^iti Lj vknfiy hwIe. 



2. A SMALL Fi.OOK FeATHEA Slf^Da MOSTLV iti FULL PlUMAQE, 

lli 4 > liLutflL IniEhi'n of llbB ^tHl itHS dmb iiluikiiLKir v[ tlfca 

heu. Hu,- wliiv i|ujlJ* an± ’whllti In JjiUh. 






Report. 1^3 PutTE 4^ 



1. A P^iH OF Breeders^ Showing, the Difference m 

TKE PLUMAOE OF THE CoCK AND HEn. 

Thu iLiMk uihI lLi«d4 mjv vrlllh Ji mill iinl(4Rrti» In 

ifilnr,sar^l tar the n'hSta rl ti|f lawmfd I he of llw.^ m\-k 
hi iJiif rttrlL. Thf H*iif la 1* IpiMT rl t‘'Vc»1p1 of fi^llbeEr; l|ti1‘- iiir||0 
pcaJc^ ainnjr Iho fr^Mil of thk:^ tAr»yft be ree^ifrilAeiL 



2. A COMPLETE CUPWWS OF 
DiaT^NO0L5HED B¥ THE BLaCK PaTOHEB 


the Wihq qyiLLS OF THE HeH, 
AT THE CrDWN of the PlUHES^ 


the rtt|.^ii|, «f»rhhl »<H,nc«. wnivra lA Hr, lh.r.1. 
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Plate 5. 



A Complete CLifPiNO oF THE Wii^a Quills ^'Priwe£,-> of The Cock*, Showimq the 
P uflE White of the PlUKESl 

Thv h'W Utjm:|E mUtl whlb^ MlHi-fs* DiWi^ril IM lHR'k rj tlic Iriiiki'li nh- vr B\i.vki. tlk« 

1-1 Lpplmr wijiKijiMl u LiusLCtHL Gn>u ci hy i| t, Foni. Kkdvu^ ^ 
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A Cock Bvpck or Fancy, a Paati-Coloh OF 
Black WHiTtn 

nlcmi*L ofUn wflh nuih? 

SiJiifl.ii" ^ WtwL Wi,||«r WMi ^ fitifi* 


Plate 6, 





Pi>TE 7. 



A Clippino op Black Wins Coverts. 
la tJlJifilnjf. lU^ nr^t nna ntwB at vtina covorti a.r^- tulcn. 
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Plate ^ 


1. FtATHERQ OB Oqwh TakEN FROM THE NECK AUQ HEaD OF AH AdULT BihO. 
l«E» tRtiifi Bi nwrh iir I Ejc ici^jikh, Ifuid. tbd wliile zinf tciwnH iliti Imia<i iif 

tht iiw‘k (ji tlw Itn* lunjr h*l:r4l^e mliWie iMtlirr ln*H Tbs hewl. Kud mliin 
fKDi thi JlK’k. Tiu ^ ii «xn f4 bir d vnwt] y Imrtk 



2 ^ A High-Grade pRihi, SHOwiha Con¬ 
sider able Natural Curl 
fllrrl &*n4it br Mr. F. IV 

btml hy ilr. £VB■ti^ 









MAKII'ESTED LIFE OF TISSITE8 OUTSIDE OF THE 

ORGANISM. 


By AT.TTicIJi CabSEI. IjHil MoKTiWE T. BriiO^S- 
thir tmbafllorUi of IiwtUuU ror Mrdiciil N«f Vort.| 


r* txi*MODrcnoN\ 

FraginiMits of tissiit« and organs of mammulB and olhor atiinmls 
can Iw kept outade of the orEfUijsni in a irondilioti of manifested life, 
wlicn they are placed under certain conditions iji a proper ciiHurc 
niodiiiro. Their life is essentially characterized by on acti™ growth 
nf the ccIIh from the original fragment into the meditini where they 
undergo direct or indirect division. These cells cover a wide area of 
the medium, and are often rerj' densely packed. Tlwy grow during 
11 period of time which varies from & or tl days to more than 20 
days, without any evidence of necrobiosis. The cells which have 
wandered into or have been bom in the plaismatic medium can be 
transplanted into a new medium and profliice a veiy luxuriant 
generation of cells. A culture of tumor Ininsplanteil into the bwly 
of an animal can take and grow rapidly. 

Tlie idea of cultivating liflaues as provionsly defined is far from 
lieing new. if&ny esperiruenters have already thought of the pos- 
siiiility of gmwing tUsiies outside of the iMjdy, and 5 !ei*eriil have 
attempted to develop adequate method for it. Tn IBOT Leo litwh 
thought that the culture of ti.'ssnics in an artifirial medium onlride uf 
the Ifody was possible, and stated that he had found a method for 
nooompiisliing it. But the technique and the rcsidts of his exprri* 
ments have not been published, fn IflOT Harrison demonstrated in 
a series of splendid experiments, made in the aimtomical department 
of Johns Hopkiiifl L’nlversEty, that embryonic tli® 

tran-splanted into congiilaWe lymph, will develop normally. The 
ceiicral nervous .system of a frog erabtyo. covered with fluid from 
the lymph sne of an adult frog, produced long nerve fibers. These 
experiments demonstrated that the nom'o fibers are really an out- 
git>wth from n central neurone. But they denion.stratod also a very 
much more important fact, the poesibiUty of gnjwing ti^ue outside 

!JT3 
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the iMidy. At this fimp Carrel was engagied in the study of the laws 
of eicatriAiition of tissite^ and ctitimeaus wounds of mammak, and 
resoli^ed to use for that piirptise the method of Ilarrison. Then 
Burrows, under tlie guidance of Pi'of. ITarrison himself^ adapted 
the method to rlie cultivation of (iKSTirs of tho chick embryo; that is, 
of a wamHhlfXided aTunial Tlien, in Septemberp 1910, at the Rocke¬ 
feller Institute we succeeded in cultivating in vitro, adult tissues of 
mainmaK 

Wo at firsit the culture method of iTarrisori, that is, of small 
pieces of tksue suspended in a hanging drop of plaania. After wank 
we developed n methiul of cnltim^ on n plate, which pt^niiittcd u.^ to 
grow large quantiiis^ of tissues* ft became therefore possible to 
observe many new facts^ 

It was found nt first that almost all the adult and embryonic 
tissues of dog^ cat, chicken, rat, arnl guinea pigs cnuld Ije ep^^^y culti¬ 
vated in vitro* Aiv-ording to tUeir nature these tissues generate con¬ 
nective iiT cpithelild cells* which grow into the plasumLic medium in 
continuous layers* or in nidialing chains* The liasuc fiagmcnts muT 
surround tlicinselvcs t-uinpletely with dentse new tissue, or, on tha 
contnrry, the new celk may spreatl over the surface of tite medium. 
We observed tlie dircei iiivision of the nuclei during the life of the 
and many karyokinetic figures in the fisetl and stained cultures. 
Other experiments showc^I ihnt Khe life in vJtrft of the tissues, wldch 
varies frofft fliioiit b iJays to ii1>out 20 days, mti be prolonged by 
.-,econdiirv nud terlmry ciillnre.s and that a new geueratton of 
iliyroid, splenic and sarcomatous cclla can be obtained from ccBs 
which have de'^eloped out^side the Ijotly. We succeeded quickly also 
in cultivating muligniuit tissiies such as the Rntia chicken sarcc^ma* 
the Ehrlich and Jcti^en sarcoma of the rat, ti primary corrmoma fif 
t!ie tirerifit (dc^) an<l two human tumors, a j^n-oma of the fibuln* and 
a ratxrinojua of the breast. A culture in vitro nt the llous sarcoma 
tnin^ipJanted into a chicken caused the development of a sarcoma. 
Mean while ihe mothod ImslwH-n applied BuccossfullY in the bibomtoiy 
of Frot SrfrcCalluin by Dni. Lambert and Hanes, who enltivated 
the Ehrlich sarmnia of Ihe rat* We applied also the method of 
culiivation of lissne^s in vitro to ^veral problems of the redintegra¬ 
tion of normal thaoics and of tlio biology uf moUgtiaut iuiiior. 

The rnsuhs olHainecI in this and other lahoraturie^ are already too 
numerous to be desertk>ed in this article. We will indicate only the 
tediniqu^i thn genera 1 characleni of the cultures, and some of the 
*i|>plic«liouH of this new iqetViod, 

jr, TOxTasiqnL 

Ttie nevr tedittiqna coni^istH tssenltally in depositing small frag¬ 
ments of liidng iLssiies in lluid pk.stnu or in nn artiJiciitl medium. 
The cultures Jiclong to three types—the small cultures in 0 hanging 
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drop, similnr to those of Iliirri?oiii; the cullurea in u watch glass filled 
with plnsnia: nnd the large cuJtiiiTs on the surface of n plate, whitsb 
can he compareil to the phite cultures of bactma. The technique 
must be elulioriite in its details, in order to obtain ivsuMs which are 
iihifomily posiilve. 7 issues, c?specially the higher sdidt niaininalian 
tissues, are easily killed by drying, chilUng, and rough handling dur¬ 
ing the preparation of the ciilluiv. Bacteria! infection 13 also detri* 
nicntnl to tissue grondh, A rigid asepsis is necessary for the prepara¬ 
tion of any tissue culture. The culture nuist Ijc made in a w^arin. 
htitnid o[ieniling room, with the same rare iind rapidity as n delicate 
surgical operatimi. If the intthoH is to giro tmiform reoul^ not only 
most the above preenutions lie cJosely followed but also the perfect 
teamwork of well-trained ,'i.s.^Js^Nirils is necessaiy. 

The. plasma is pn>pan?<] freuu I ho bloofl of tlie animal ndiose tissues 
are to lie cultivated or from atiothcr animal fpttni the same or from liif- 
ferent species. The blood is taken fi'om an nrtery or from a I'cin. 
Wlien dogs, cats, ehickeiLS, guinea pigs, and rats an? used, tlic carotid 
arteiTi- is ordinarily selected.' For human Ijeings the blood is easily ob¬ 
tained fr<iiii one of tlie siiperliciul veins of the anii. Tlie animal is 
etherized and the ves*! is exposed a ml dissected from ihe sntroiind- 
tng tissue. The wall of the l.iloud vesjicl is rubbed with dry gauze quiI 
covered ivith oJivo oil. the circulation j-s then intemiptccl bv » serre 
fine, the vessel wall is n^ncd Intemlly. nnd a glnss cannula previously 
Ktenlized in olive oil is inserted into the lumen of tlie vessel. It is aliK* 
possible to Use a needle ^ierllized in olive oil and inserted through the 
skin into ihe vein.' The hlocxl is cnllected In small tubes, carefully 
coated %i'ith paraHin, which have been previously cooled at 0® t’. Tim 
tubes are immediately corked, pletsetl in large tut«!s filled with ice, 
centrifugalizcMi for five minutes, mid depositml in a sitnill ice box at 
d t.:, TIk! eupemittaut plasma is removetl with pipettes coated with 
pamfiin. It is generally n.scd iinmedialcly, but it can Iw preaenerl 
for some time In a fluid condition if it is kept at u low teniperntnrv, 
ArlifieinI medin are also employed, niey are composed of agar, 
glucose, and sal(.4 under proper content rat ion. \Vc used nlso the nie- 
diiiin described by fjcwis and componefl of bouillon, agar, and Itingtir 
solution. 

The tissue.s used for cultures must be in normal coudiltou. They 
an? best if taken directly from the living auitmil or from un aiiiiiial 
-soo/j after dcatli, With a cataract knife and a fine tnHKllp. a small 
fragment of tissue is disst'i'tefl from the n id mid and phi red on a glaiei 
plate. This piece of tissiie is rapidly cut into small pieces about the 
size of a millet seed and trnEKfctred on the point of a needle to the 
surface of a cover gloss, For the large cultures, the tissue is cut into 
small pie^ with .*<harp Mussors, or, what is still lietter. into thin, 
broader pieces with a razor. It must be remembered that Clirisstiana 
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J)!is ileiuoostrated that a sniaU piew of thyroid iiwiy die if espos&l to 
the drying flctiod of the air for more than 10 seconds. TIjereforo, 
tite section and tlie iiantlling of the tissues must be very rapid, otlicr- 
wise the tissue is killed. The dissection of tho tiiatje may he made in 
u drop of senini, in order to prevent that acridenU 

Tile small cultures are similar to tluise used by tlarrison, One or 
two small pieces of llssuo are transferred to a cover glajss mid quickly 
covered with a drop of plasma, Tt is best to spread the plasma in a 
thin layer over the cover glass. Tlds is done w ith the needle bofora 
coagulation occurs. Tlie cells grow, then,in a few* planes and in areas 
about the tissue. If tlie drop is lliick the ceils grow in many plantis 
ami it is diflicult to nieosure the area of growth or to photograph and 
observe the grenving cells. The cover gln.ss is Uien inverted over a 
hollow slide with pflrafKn to prevent drying. The finished slide Ls 
immtHliaiely placed in a small electric incubator which is used for 
transferring the cultures from the operating room to the large iticii- 
balor iu the room where llie study of cultures b made. Coagulation 
of the plasma takes place either immediately upon the addition of 
the tissue or soon after the slidea are placed in the warm oven. 

To grow tifauca on a large scale, the same general twiiniqne is used. 
A rigid asepsis iiere is most uecessAiy, as it is very easy to Infect these 
large culture^ An entire chicken fetus of 1 .^ days, or small mam¬ 
malian fetuses cut into small fragments, may he used for these cul¬ 
tures. These fragments are spread in a thin layer over the surface 
of a large black glass ]>1ate and covered quickly with fluid plasma. 
As aoon as coagulation of the plasma has token -place the plates arc 
placed in glass boses with cotton sponges soaked in water, which pre- 
serv'e the proipcr humidity. The boxes are then carefully sealed with 
paraffin end kept in sneh a position that the fluid products of the 
cultrtn,' limy drain 1o the bottcan. 

Dniing their growth, the cultures can lie removed from the incu¬ 
bator for n few seconds without danger to their life. Certain tiBsuCti. 
like malignant tumor or spleen, grow and extend so widely that, their 
condition can be observed without the use of the microscope. On 
a hollow slidu, the new tisane of n culture of spleen appears as an 
opalescent area surrounding the primitive fragment- Even the be¬ 
ginning of growth can be diaguo^ by the appearance ou the slmrp 
cdpi‘.s of the fragment of a very faint and ubitow gray band. In 
tlie culture on plates the appearance of a whitish color around the 
fragnientsi of the tissues, shows tlml they are g^wing. But it is 
Aafcr to make a few control cultures in hollow £1160.1 and to observe 
their growth with a microscope. 

I’or tlie study of the cultures we use a microscope placed in a warm 
etage. the temperature of which is kept constant. The slides can 
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Ik> kppt iirjiler rhe itiiKcroscopc for ii loiijj timr, if nwciNurv, willioiit 
any (Inngor tn the life; of the tissue, lit'fore tlie iwgintiiog of the 
growtli, the frugment of tisstio uppcars ns sn opaque, shurplj’ outlined 
ma.su itj flio Hear inetlium. Tn the siii'roiiritlitig Hear mediitm the 
growing cells an? easily fletocted. Camera hicida drawings of the 
cHJs cnii be inade when the tissues develop slowly, like iTirtilagn or 
peritoneum. But even in these caflos the luolioji of llio wlls and the 
changes in IhHr shape require that the sketclies Ijo made rapidly. 
The growth of sarcoma or of spleen is often so rapid that it render 
iint>osQhle nti flccurafc camera lueida drawing. Tlie Iwst method 
of roconling the moiqiliology of the liHng ciiltureii is to photograph 
them. Blit this Ls often very difficult iwcattse tlie new tissue i.s donse 
or tiie colls are faintly seen, and chieity liccausc the celis do not glow 
on the same plane. Genonilly in a very actively growing culture no 
cell can bo seen distinctly, ETen when the run lines of the cells can 
be distinguished easily under the microacopo a .sharp photograplj 
of them may he impossihle if they are surrounded by eclla which 
have gmwn on slightly different jdanes. 

For exact cytologic study the cultures are fixerl and stained. The 
cover glass, to which the culture is adherent, is separated from the 
hollow slides, and immersed in corrosive sublimate, acetic add, or 
formalin, or the various preparations of potassium l>ic hr ornate solu¬ 
tions. Afterwards they are stained in hemato-vylin, IVheji the cul¬ 
ture medium is spread on the cover glass in a very thin layer, and 
when the culture is not too old, Ihe ceils appear very distinctly and 
all their Htriictiiral details are easily oliservcrL TiVhen the pi a.*-mu tic 
medium is thick, and when the cells have grown in many different 
planes, seruil sectiotus of the hardened culture are required. 

In order to increase the length of a primary culture sccundnry and 
tertinrj' cultures are made, A secondary cLilture is obtained freim a 
primaiy culturo by extirpation wi<h a fine needle of the fragment 
of original tissue, which is depositts;! on a cover gJa.^ and coverecl 
with fn?sh plasma. A second generation of cells ran Ih* obf.'iineiJ 
from a primury or si-condury culture by two proccdttrrs, one consists 
of extirpating the fnigrnent of tissue from the ciilliire meilium and 
of cfivering the free space with fresh plasma. Then the (?ellH from 
the old plasma grow into the new plasmii. Tlie other consists of 
cutting with fine scissors fragments of tncdiiiTn eontaitiing the cells 
from which a second generation must be obtained. The ftugment is 
deposited on a cover glass and coveretl with plasma. 

Tile cultures ran bo grafteil under the sldn of an animal. Small 
cultuna, or largo cultures on plate are used. A fragment of the 
medium containing the living cells is cut with a knife and introduced 
into tlie tissues of the iinimnl. 
aTsts*—8i* i&io—3fr 
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It h not to give in iKis u eoiiipkte Ete^H^ription of the 

results alreudy abtuined. We will only dcjscribe tlie main dm meteor- 
isUca of ih« mltiires iliiring tJie dilTeri?nt perifwJs of tJieir growtlj. 

Almost all our obseirations have 1>ecn iii>on primary cuLturesi the 
phases of ^vhich csiu be divided sirtlfidally into three periods, imiiidy, 
lateuej% gT<jwtlu and death* 

1. The la Leu L |>erJod rovers the lime from the. inoculation of I hr 
fragment in I ho pIuKiiiaUc niediimi until the iip):]eanuice of the Srst 
cells* Xote must lirvt he taken of the appeamnee of the culture 
imme^lifltely after its preparation i the frugiiieiit a|jjjeiirs os uti opaque 
Iwly with more or less sliarply defined edges lying within a dear 
inediiim. 

The length of llm latent j^erLOil varies according to the nature of 
the tisisues. It is very short for einbrypniil tissues and for malignant 
tumors, which begin to grow 2 or S hours after the preparation 
of the culture. In siime cnscs^ even, the first evitleaco of growth can 
bo observed after one hour and a Imlf, The latent period of adult 
tuques lasts genendly from 24 lioiira to ^ or 4 days* It endured from 
20 t<j T2 hours for glandular tissui>s like kidney, ovury% and thyroid, 
according to the age of the aujiiml and some other ronditioms. lu 
the ruse of a fnday-old kitten growth l>cgtm in 12 houi-s; in that of 
a young dog it began after 24 to 4S liiitirt^ Tn the case of adult 
animals 2 to ^ years old the period extendetl t<j 4S or 72 hours. The 
cultures of coimcettve th^ne. pi^ritoneiiiu and irottilugc, muy reiuain 
without any evidence of grovvih for S or 4 days. 

2. The i)eriod of gri>wth varies cotistderubly* It is iiidtcated by 
the uppearTin<*^v in one or several regions id ilie periphery of the 
fragment, of lOony ™all i>ojiits. 'rhey are the entfo of rlie feiform 
cells which wander from the tissue. Jn Uie cultures of spleen the 
original friigment ia snrrouiidfel very soon by a thick crown of round 
cells with amEPboid riKn-emenls. In the cultures of Itou*! g:arcOiiia 
these cells can often be seen in loss than 2 hours, but in certain cub 
tiires of kidney of 2 or 3 year old cabi the first fusiform wlls appeared 
after 4 days. It happens also that the growth begins by opilhelial 
colls, especially in the culturesi of tliymid. Generally the wandering 
and the proliferation of Llio cells arc^ vary active and the fragzuent of 
tisane reaches the period of full growtlu Ilow-ever, in the culture 
of peritoneal endotheliutn and of cartllogt*, a few cdls oulv niaj lie 
seen during several daya around the frugnient, until tlie period of 
active gnvwth l>cgins. The beginning of ihe growth can often be 
diagnosed without a microK'o^ by the appeanmoe of an opaline band 
around the tissues* Tho pertcKl of active growth may extend from Z 
or 4 days to more dian 25 days. The tissues like siircoina and cer- 
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taili embiyonnl tisso€», ivliioh grow raiiidlv. die early, while tUo Cul- 
tiiifi! of pcritoJiomn and of cartiliigi^ whioh develop slowly, tuny nh 
tiiain in ex<«iJeiit condition for iiO or 2:> days. The growth of the 
culture is often very active, Knom tlie siirfaro and the peripheral 
part of the fragment a great many cell,s wander oul; and radiate 
throiigli the medium. Tiiey oftiui form a new tissue around tha 
ori|pnal fragment. Tiro surface coveri'd hy the new cells may be very 
large. In a enltuTO of spleen artiricibilly stimulated this surface was, 
after 27 hours, almost equal to forty times tho surface of the original 
fragment. 

Tire niorjrhologic characters of the culturo vary according to the 
nature, epitliclinl or enuDectlvc, of the tissues. The growtJi of con* 
nective tissue cells was observed mainly in the cultures of spleen, 
cartilage, and thyroid. The connective tissue cells do not give rise 
gpuprally to a continuous layer, as we have observed (ho cells of the 
epidermis to do. They invade the medium either as isolated single 
cells or in rows or chains of culls. Ultimately tlu’it processes unite to 
form an open network. In the cultures of peritoneum the celU may 
tend for a few* days to form contitiuons layers that spread from the 
fregiiieiit into the plasma. Uul sooner or Inter, the rate of growth 
increases, the cantimions layer is di-slociUotl. and after aljout two 
weeks the *silJs spread Isolatorlly through the medium, lii the cul¬ 
tures of spleen the wll= can conglojiieratc around n cotton thread 
and cover it by iv layer linving tlic nppeammv of an endotheliul 
niembrune. The cells nre fiisifonm or multipolar. Their cytoplasm 
^ finely granular, while the nucleus appears as a clear spot, contain¬ 
ing one or s'veral jiiicleoii. Tn the ctiUurcs of Rous saix^mna and of 
the sanminata of Ehrlich and Jensen, wc have observed many differ¬ 
ent types of connective tissue cells. Often they posse-.- uina>l»id 
movements. Sarcomatous cells, inocuinted to a culture of the an¬ 
terior part- of the eye of n fetus of ciitcken, were olwervcd wandering 
through the pigmented ecllg and al»orbirig their dark grnniilffii 
Tlic growth of epithelial tisane was studied chieSy in the cultures 
of thyroid, kidney, skin, and cnreinoiUH. The tlivi'oid cells are 
polygoital in forni and appear stimewhat later than the fusiform cells. 
They iiie^=^?nt less distinct outlines and a finely graimlnr protuplasm 
surrcniiHliiig a lurge clear round nucleus, which in turn contains one 
or two opaque nucleoli. These ctdls ditfer from the othei-^ in remain¬ 
ing in a community and not wondering !se|varately into the medium, 
and in ptwhicifig soituitini&f tubular furmtUions niid sometimes coii- 
titmous layers. Moreover, these cells grow from the edges of the frag¬ 
ment as far as the iipiier sin fiice jind in a single plane. Tii one in¬ 
stance, the tubular prtdifenitioii was trac&J to the circumference of 
a thyroid vesicle which formad its Use, In some instances tlie 
growth was cup shaped, and later budding occurred, so that rami- 
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^ymg tubiiltii were produced. In tlie cnUiires of kidneyj tubules, 
the wall of which is covered willi epithelium cells^ nuiy grow out 
from the originul fragment. observed also elmlns of large 

epithdial cells radiating out from the fruf^ieiitfi of liver. Ffistii 
Llie edges of fragments of skin grow out liiyerw of epithelial ceilB, 
w'hidi cover sunietitnca a surface larger Ilian the surface of the 
originnl fragment, 

Kpithclial and connedive tissues enltivaterl in vitro increase really 
in siKCj aiul the new tisane is fomietl by the wandering of tlir crells 
from the original fnigiiicnt and by their multiplication. Camera 
liicida drawing of « rapidly growing sarcoiiia diowed that the origi¬ 
nal fragment of sarcoma and of spleen grows very nctivdy, the 
original tissuu ri'solv<^ itself in living cells after a few d^y$ ami dis¬ 
appears niniost roTiipIeiely. At tlie saine time there Is miiltiplientiun 
of the cells* In tlie cultures fixed and stained, with hcfnatoxylit^ 
karyokinctlc figures uiay be seen on all the surface covered by die 
new ccUSp In slowdy developing cultunjs of peritoncuni w« liavo seen 
karyokitietlc figures 14 days after the pruptiration of the culture* 
Wc have ubserveil also in living cultures direct division of the nuclei 
and the prod net ion of giant c?plle. The multiplication of the cells 
can easily ftdiowed under the niicn)9co|>e. IVlieu a fragment of 
plssiiia contiiiniug a few ccll^i is e;3£tirpiitefl from u culture of spleen 
or of thyruid gland and truusplauLcd into u new medium tlie cells 
can easily be ribsen^ed* During the holing and the days following 
tho preparation of the new ciihure, the cells are st?en inereusing in 
miTTiber. waiulertng mil from the plasm a and invailing the ucw^ 
mediunt. After a few days a very large number of cells have grown 
from the few iransplantcd cells, 

Tt seems, therefore^ that in our experiments there is a i*eal ctdtb 
^*fition of tissues^ frince tlie fragmcnls of tissues grow progressively 
into the culture medium, that tlie fragmentsof kidney, thyroid gland, 
liver, and skin produces tubules, ebains, or ccjiitimions layers of 
epithelial celli^. since the Qxi^ cell^ of the ttssiies, instead of lieoom- 
ing nccrtuic, may wundor into the medium after more than lO or l*i 
da^^^ since this medium contuinis many karyokinctic figures and since 
a few iwloteil cells can Iks seen producing a very large number of 
new i'clla. 

During the dovelopment of cells the culture; medium imdergocs 
timrkiHi nifnrfcD«itioji=i. Somctimcis the plastiia dtjes not coagtilatct or, 
as it happeti^r in the cultures of hunian carcinoma and of i-^rtain 
glaiubilar tissues* it coagulates and after a few hours it liquefies 
Again. In ihedo cases no growth is oh^sweil (Tenerally the clot 
remains firmly adherent to the csover gla® and to the tissue. If 
a part of the fragment is dead a reimetjon of the plasma tnav occur 
in this point after a few day$* ’When the tissue grows nortiiallv, 
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nnd when aJI its parts are sctivtj. the culture niediiim becomes pro* 
gre.ssivelji' modilied iind undergoes after some lime a parlkl Hquefac- 
tion, or it becomes opaque, and the dl^riu becomes more apparent. 
The nipidly growirig or(pitiS like Hie kidney, the liver, and owa- 
sionully the thyroid, l(riji(j nboni eurly modilientions of the culture 
me<liiim, while llic slowly growing' tissiies niodifj' it very sligiitly. 
After three or four days, the plasma of n cnltiiro of sarcoma or of 
fet«l kidney undergoes often a n^arkH ret met ion. But the plasma 
of a culture of peritoneum or of cartilage may Ik;, after 18 duys, in 
perfect condition. 

3, The dimiitulioii in the mte of the prolifei-ntion of tho cells and 
the death of the eiilture depend in a large measure on the cemdition 
of the culture meilinm. Death is preceded by a period of slow 
growth, during Mhich larger granulations apjjear witJiin the ccHsl 
TJ ie cellular out It lie liecomes less eharp. Afterwards, the disinte¬ 
gration occurs and the cells ajijicur as small ^hericul bodies, Tlie 
length of life of the ti^'ucs cftti be increased by secondary and ler- 
tiaty cultures. The new cells can also be Irunsplaittisl in ii new cul¬ 
ture medium. If a culture of malignant tumor is grafted uniliT the 
skin of one animal it muy grow and produce a new tumor. Knig- 
ments of this tumor can Ijo cultivated in vitm and grafted aftnr- 
wards to another atdmal. The duration of the life of the cultures is 
iRcreHsed by tlie proceilures which penait of giving to the tissue an 
almost normal nutrition. 

IV. Aiuujt’ATiosa. 

The method of cultivating tissues outsidB of the orgnnism has 
already permitted Harrison to demonstrate that the nerve libem 
ai-e really an outgrowth from a central neurone. But it can be 
applied also to ninny other jimhlems. We have already used it in 
studying the chametem of growth of malignaut ttinmr, of die growth 
of tiurmid tissues, and the laws of their ml integral ion. 

Experimental and spoutaiieous mnliguaut tumors grow easily In 
vitro. I'fagiiieuts of lious saroomn or of Ehrlich siireuina grow 
often verj' rapidl}' in the plasmatic media, tu Tisw than 48 hours the 
cells cover a large urea. Therefore dm moilifications in the rota of 
growth brought almut by the action of different kinds of plusuni or 
Ifj' the substances artiHeiaUy placed in tho culture medium can be 
studied easily. It is possille also to sttidj the rciietion.s of normnl 
tissuro toward the plasma of uniuinb Iji'jiring a tumor. The results 
of the exprTiincuts can be controlled by grafting into animals the 
tissues produced in vitro. It can show whether tlie tissues have under¬ 
gone, during tlicir life outside of the organism, dynamic changes, 
which persist when they an? given back their normal condition of 
growth inside of the organism. 
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It was attempted iilso to study tlie action of tin* cliuitgcs in the 
coinposilion of tlie MietliQm on the rate of growth of nonnal tisaucH. 
SUglit iinxlilicaticjti of the Ictiaion, or of lUo ulkilinity, or of the ootl- 
cciitratioD of tlie iiiurganb salta iHodtfied the rale of growth, It 
may Iw po&sibk to tlLficovcr by tliii? niethud the phi’slwcheimcnl fiit- 
tors which regiilute the growth of eatsU kiiul of tiHsue. 

It would bo iuiporlflJit to know why and how a w ound lieals. Tlie 
laws of cicatrization are actually iinkuowm Surgeons content tliein- 
selves by preventing the infection of the wounds and leave to nature 
the care of healing it. However, if we knew the phyricO'Cheniical 
luechanistiis, which, coordinated by the power of redintegration 
acting aa u directing idea, bring about the healing of a wound, we 
might act on tlie process of the cicatrization itself and activate it. 
ITie knowledge of Unsa laws would lead to a now and more effective 
form of fcurgei^'. But tliis study is very diflicult on living animals, 
while by cultivating tissues in ritro, in a fpven medium, it becojnes 
possible to observe exactly the moclification in the fate of growth 
under Uic Induenoc of certain substances. In this labomtoty, Dr. 
Ilutli has observed that small wounds made in tlie center of a frag- 
nient of skin heal uonnaUy in vitro. All the stages of the cieatriza^ 
tion can lie folio wed. The edges of the wonnds are brought tt^ther, 
and at the same time, the epillicHum proliferates, and a complete 
epidermbtatioQ of the surface of tlie small wound occurs. *lh.is 
inethwl permits us to ol>»rve very easily the different stages of the 
ciontrizntion and the modiQciitimis of it produewi by tho changes in 
the composition of the niedinuL 

The solniinn of various problems may be helped by tlie use of this 
methml of cultivation of tissues in vitro, because it render possible 
the <*bservatioft of cells growing under given oonditiohs. It is a new 
histrumcnt which con he useii in the study of the medninisms of 
cellular growth and of its unknown laws. 


TTTE OlMGIN OF DKlJlDJSaf. 


By JUUUK I* 0 iEOlSTp- 


Schrndcr^ in hm Fi?«iUi-xiki>n dcr indogi-rtnnnisclueji Altc^rtnms- 
ktuiile, sayu: Ci^Itic Druid ciLsIe outi^ide of all pne^tly 

coEuioctioui^ of tmcknt Europe. The impulses to its formutioo 
reiimli] shrouded in darkness. ■■ 1 hope to succeed in bringing some 

light into this darkness. 

In tlic attempt to find the origin of Druid ism the most curious 
ideas hare been resorted to. Some consider the Dniids as disciples 
of PytbagoruH^ others as Buddhists, and tlie origin of Druid ism has 
1>eeti varioiisl}' traced to PhenieuiH, Clialdea+ and India. Already the 
ancients Kliowed a keen interest in this pricsthinaL and tlie past two 
centuries produced a large literature on the sijlijeet^ which^ how- 
everj is of little value, for it h^ too much given to symbolical and 
oecultistic fancies. ^Nevertheless;, until now no one could ^ihed 
further light on the history of the Dniid-s or e:tplain apparent oon- 
tradictions. Wlien, therefon^ in lOOC, there apjwared “Tjcs Druids 
et Ics Dieii.\ Critiques h Forme d'Animaus/’^ by the noted French 
Celtic ii'Arhois de Jiibiiitiville. the scientific world Imped to at hist 
Ije enlightened conceniing this enigmatic iil-^itiltion. But d^\rbnis 
oilers j^^arrely more tliaii a Hynoi^is of the must import ant things 
that we nlrpflElv know atHiiit the nriihts: he gives an historical siitii"ey 
of the invasion of the Celts in Britain but says nothing which we 
do not already know from other saurcesu 

In the first chapter of his Ixiok. si>ejiking of the priesfe of the Gaiib, 
dWrlMiis de Jul^ainvillo stivs: ‘^Tbey have two main classes of 
priests, the Druids and the ^Giituutri.^ When Julius Cffisar in the 
first century B. C. subjected uide[>ciident fiauh the Druids held there 
an important position; tnit he was told that Driiidism had its origin 
in Britain and was thence intriHlured into rianl"^ 

Prior to the airiA^ of the Druids on the Continent the Gan Is had, 
besides the vates. no other pricfrts thiin the gntnatri. Tie derivea 

* TltiniilHwi^ by pi»rnili^I<aip fwim ibe (i^rniiiD iTrlth nntlioVii reifJJitio) : Der rrP|miii|E 
DnilUriitiJjniL Von JuUui Frijttirtir In Wien. LKlnro dhllTPrpd In thr moDtJaty 
NorrfcntM^ la. 1W>7. 34lll4^i:ii]niit€U 4**r AulJiropolDfilwrbrti fSiw^LIPctuft la 
W^Li-n. Vol- m IIHW^ PPr 

ssa 
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their name from the Celtio giiUi^ Irish gnlli (voice) ^ compares 
our'^^Gott (God)p which oritrinmcd frimi tlie Imlo-European Ghut- 
loin (that which is invoked )3 from the root ghu. ^^GutnatriU iuh 
means “the invokers ” from tlio fiaine root as the Gothic giidja 
(priest)* They were all priests of a temple or sacred grove. The 
gntnatrj survived down to the time of Himiaii rule; their names are 
preserved on four inseriptionsp D^Arbois quite properly compares 
the giituatri with the Homeric Upm (hierehs—^priesfc), with Chryses, 
who lias the surname of (uniter—the praying one), which 

has the same meaning as gntuatros* ami as the llnmines of tlio 
Komans^ who formed no coiqiorBlion, He says: 

Tba Dmlilis, on the otUcr tnmil, ffirniixl it eoriwrutlon^ wHb n ctilef Druid ac 
lt£ bcatln In <juuL IrelnaO, and probably nluo lo Hnj^LamL 

I can not agree with D^Arbois in the Inst t^atement. In IrLsli 
litemturQ no mention js made of a chief of the PruidsL From the 
passage from the Life of St. Patrick, great muJtitude of .sooth¬ 
sayers giithered aroimd the chief ^^oc>il^^ye^, Hecradus by name” 
(Congreata is>t mnltitndo nJjiiis mugormn E^d primutn magiim lle- 
cradum nomine), it ciin not be ooticliided that the Irisli Dniids had 
a supreme head. The pa^Eage can also mean lliat lieurndus ivas at 
that time the most famous Druid ; we may even credit the Christian 
writer, who wLshwl to magnify the fame of tl\e saint, with a lit tie 
eivaggvration, for further on m narrated hmv St* Patrick had by a 
miracle killed Unit Druid. The diief Druid is thus a specilically 
Gallic institution^ 

in the art of soothsaying the Druids had rivals in the vatis^ who 
ate called by Strabo omr^as (oufttois), by Diodorus pAmus (manteis)* 
St* Pntrick triumphed over the Druids only after he had allic<l 
himself with the w/ia, Irish, fltd. 

D^Arimis dorivf^B, with Tliuriicyisen, the name of tlie Druids from 
the ront dru- (Irish in dr&n^ from strong) and the root tud 

(compute l4itin vid^^ to see, German to know) and renders 

tile name dniis (from dru-vid-s) ” supreme-w^ise,’^ the Galatian dru- 
menton, ^ chief-sanctuary*” quoting the Gallic synonym, 

(Still there are other derivations of dr-uh possible. Compare Cym- 
rUn dencydd^ Gallic (foriu/jK.) 

Tlie second chapter seems to me the most Important of the whole 
byok. 1 shall therefore give It almost complete in translation. 

U ttwit tbi' Drtildfl were known to tbo Giveka elnee nbont 200 B, 

wtit'O ^kption tbuav Tbcjy tbus existed alrcody at tbat tttoc In (lanl, 

side of tbe Jill In t, a territorr wblcb wan moeb fri'qnratetl hy traUerB from 
MaosUkL. Tlilrt was net \<mK aficr tln^ fStmlH haC eaiii|iiertH:] Britain* wliTcb wna 
oeeupJwJ by the 

lAIPMdy the Zlmai^ri wark I polale^ out Is tht Mlt- 

Otf Anl|irap®l<ist»c'b*ii UwllKhsft In Wlm, TiJiiBi# ao, ^ a. Uiat 

tbe OauIs roiilfl taw 0 *ciie to In^lsikd dimtlj from tbe pontUirtil irlthom tourhlne 
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Atwl, thin colnjttii-Bi *«?likE to b4Vfr tAkmi |4acO WtwC^fl 300 nud J300 

E. C. Tbe tisiillij faUEiii Uiu DrtOO^ In RrfEjilii and trnxmtvr^ntcd this tnsRtUttnn 
to tlio CDutlncnt. Jnlfiis Caesar says expUcitly: '* It is iLssniued Uiat tlie ^scem 
found Ln DrltuIn mis Ibonco tmTisplcLuted to CiunK nud ut jurewiit tLose wl^o 
d^Im t 0 know It num* imriefulJy tnosUy thtthep to obtnio 

In llHttnoIfi rn]w»rEn nt^ine lode fn tluEtlani tmnalutii oxJ*tliDn' 
itir* ot nunc (jui dJIE^Uus enm rem eeunoBeero voIiiDt [>]Qnimque Lllo dleeendJ 
ciLiam proJ^cIscniitur). Wo L^neJndo from tnis ttiot tbe Urnidja wore nrigliuilly 
a «nclJc iJiatltutloD^ &i ilr^^t la^tdlnr la ttie Oaetn. not tucluillia^ tb4> Gniilu, 
Tlio Gouts uru n Celtic tribo, wluwe Innimlu^ sani?us tn Ircjnnd nnd tlie HIkIi- 
Innds of E^.-otlaud. Ry tills tribe, who for a lon^r tliuc dominatod the Brit^sb 
isles, Druldlsni was Introduced Into tho \'aBt rofrions south of tb^ c-lmimoL be- 
tweeu tlio AtiantJd OeLhaii and tbu Rhliio; Eiut Lt was unknown in (luJlln 01:^1^ 
pluii und lu tlio jujchuil CiUlic terdtofliHi ojirtt uf Ilia Ubinev u" *n 
Danube Imsln ami Anki .Xtiuor, where (iiu dru-iii^.'^airfon tcJlluf-i^iictuar>') la in 
nowise comipetitkt with the I>fUlda 

So fur trArlwLj de Jiibuinv]ll(k 

Bt^fon? jiroc^ding there nsuy ]m given ik brief tiuinmary of the 
accoimbi of the Dniida by ihe ancient writers, 

Accoi-ding to Caesar there were in C?nul two niling the 

military nobles and the Dm ids, who were frets fix>iii luilitary ^serviee 
and from paying tributes. On account of lliese advantages many 
were at traded to this vocation, whidi was quite an easy matter, since 
“ Dridtlism was hjised nut oti birth but on the gaining and tmiifing 
of novices,*’ ^ 

The Druitk were philosophers and teaehers of the youths, Tliey 
tu light not only tiioology and mythologyj but alsw mudi of the course 
of the stars, of the nature of all tliingSj and the magThitude of the 
uisiv'orse. 

Of all the monil teachings of the Dniids only a single sentence is 
prtsserved (Diogunea Laertius^ proefnimn, IS) : ‘*To be pious towanl 
I he godSr to do wrong to no man^ and to practice fortitude.” But 
their tliief doclrlrir w as that the souls do not die, but pass after deutli 
into another bexty* So strong was ttie popular belief in it that credit 
relations were eiilered ujjon with the promise to settle them in the 
other world- The novices bad to kam a large number of verses by 
heart, stime of them spending as iimny as 20 years in study. Of the 
tradition of the Gaulish Dim ids almost nothing siindved, because 

BritlKli. And pow 1 mm finnSy wnTJuwtl thAt thti tlipPrj !■ the sra3y WKcC om. It 
«1» A^nefl b«Pt wltk the hAoxf trldk trmllUeiH which report pI launkcrackmi front 
Spain iL e., wrjrtera Th<(r Phlrr thHirTu ■rcordtu}' to wbkfa Uia UjutA hAil 

cpfuo til Iht ElrlUjIi IaIbihIi tn IhA trotEi: ceptijf^ li sot ooty f^Urely 

Umtit Ia cfTts^rylbLlng PifLLiLwt Ihm nmiuiDfitiop thit the C«it9 tuhl 
Bt ttwtt Mrly tlnflc j:i^netrAtriS bo w«twAfd, &i 1 hope to prmvt At a. Irtrr tlmv. 
The coBqPfifk iTflapcI !■ c^rtAlqlr enuarclcd with thr mjcrtw^t mF the CbIIIc 

pAoplm pf ttM lijth CBPtiLTT^ frocu trel4Pa tiae Ut«l« ttwp canquend fuiirU ot W'^lea 
and Sco-tEand. Speoewhen En th»^ roarth crPtarr H. CL the Brythoolc irdta of Parthurq 
rri.P«? conqUctT^I UHlPlP, wbrrr they otrt In the wwt with Um wSp Ji*<I roine 

frPin IrelaPEl- A rurltiBt lintnlKmU4h BrrthDiLlc Celta taHowed there lcii ihu 

cou^bC Pf Iht Ihlni penlniT E C. 

* SckrPElcr. UnUexitEpn dfr Indof, AltertPEnAkamlr, II, P d43. 



686 ANNUAL BUPOHT SM1TH80NTAN INSTITUTION, 1910. 

tlw'V tftrfctly pitihibitcd rwiiitiliig'it to ivritiiig’. The ciiise waflrlilfcfent 
in fn^liirnL The nvitlior of tlic " Yellow Book of lAftaii ” rclntes that 
St. Putrkk hunied ISO Dniidic books, and, following hig cMunple, all 
the Ciiristians did the same, imiil all the Drindlc books were- a nail u- 
Idteti, The Dnotls were alsi wKithsiiyci's. aud assialed at sacrifices. 

lliei’ ttssenihled annnally in Line Lands of the Camutes, wlien law 
cases were suhii li tied to 1 hat r d ocisioii. 1 he titiiiost pu nislitiieiit that 
they could infiifit was excmaniunicatlon. Those affected by it were 
avoided Itv everybody and treated as outlaws. At the head of the 
Gaulish Druids stcsHl the cliief Timid, who was created, after the 
death of his protlci^essor, by election. 

Caesar seems to comprise under tlie name of ’^Dniidos’’ also the 
bartls and seers (vatis) who by hiier writers are treated separately, 
The similarity of tlie Dniidic d<jt?lrLnc to thul of Pythajforas gave 
occasiun for tnatiy fableit That llio Dm ids did not live as monks 
(a theory set up by j\le.^aniicr Bertrand) appears from the fact that 
tUo Druid Dlvitiacus, Cae^iar's friend, had wife and children, and 
that tile Irish Dniids also were iiiostly married. 

Criminiils were sacrificed to the gods, but also innocents. Largo 
figures of wicker work w ere filled with living personw and set afire, 
Tiio lioiiiatis soon prohiliitcd Druid ism, Imt it continued in secret, 
and the must prominent Gaulish youth practiced the doctrintis in 
secreted womIs, as Mela {dS A. D.) relates. 

Tillily-five years Inter PJLiiy tlie Elder draws an entirely different 
picture of the Druids. He shows them as prifests of the oak, ns 
physicians and sorcerers, as common charlatans. They prepare from 
the poison of snakes tho myiflic egg which guarantees the winning of 
every lawsuit, 

ifow is this change to be esplained? Was it a result of their siiji- 
prei«ion that they laid aside their lofty doiitrines in ortler to make u 
living in n less dignified way ! It will presently be sliown that the 
Dniids had been ere that nccromaiicets. But how is it to be es- 
pkined that alongside of such serious knowledge they engaged in 
low' sorxN'ry! For the present it will suiBce to point, out that often 
the wisest men are the greflUisl charlatan.-;, sine© tliey know that the 
largo majority is governed not so much by lofty wisdom as by cun¬ 
ning Irlckery, 

As regards the belief of the Dmids in immorlality and the doctrine 
of tiansmigrution, d’Arbfii.<; quotes many ©.Kanijiles for the lielief 
of the Celts in n continued esisteinfc in the other world, but declares 
the iiienimption nf the doctrine of reincarnation an error which 
arose frem the fact that the Greeks who heard of Druid myths in 
which tmiisformatioiis twcurrcsl falsely Interpreted them and thus 
rame to the belief that the Druids taught the transniigratiun of souls 
after the belief of I'ythagonis. 
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AnofJjer conjecture itiuy fwrtuitteil Iiiire. ilaj we not see in tlitj 
doctrine a remimnl of the iMiJief of the f>re-Ce]tic ubori^inesJ Tlie 
l>elief in tninsniignition is niostlj fuiiiid ninong |)eoples of low cut- 
tiire^ and the next step h reijioarnntion, of whichj indeed^ Irish 
ra3l-lnj e:thibit sonie Ins^tanc^ 

D’ArlKiis has shown that the Dm ids were originidlv thc‘ pricj^t^ of 
oidy one Celtic tribe^ who first contjuervd ii part of Britaiiu Now% 
it IS paEsing strtmge Unit Ijelween brother tribef^ whorie ciistoni^ 
nmtitters. and language did not vary inuchj there nliould have existed 
such a fundamental ditfercnoe. Fnr nothing chamcletbei a p(?ople 
better than its relijginuis views* Dniidisiiij as will be seen, ia con- 
imry to Tndo-Phiropean religion. There k only one way to explain 
such a peculiar, niuiost essential differenco which should have existed 
between the Gads and the Gauls before the conquest of Gaul by 
Ctesar, 

It is true tliat the Ganls peceived DniiJi&ni frr™ their brothers 
in Britain, hnt these latter likewise did not liave the insiitution wlim 
tiny" cruised tlie channel; for the Dniids were the pritssU of the pre- 
Celtic ahoriginci? of the Britidi IslcSj and were adopted from thciu 
by the Celts, 

The GaeJst a main branch of the Cdts, whei], in the fifth or sixth 
milnr}- B* C.. they conquered Ireland, and from there parts of 
Wales and Heotland, had already" attained to a higher grade of 
civiliKiitioiu Tlieir rulers were priest kinp*, whom at that tune wo 
II ko find aniortg the Greeks, f^atins^ and Gennansovith ivhoni tliC Celt* 
shareil niiiny other traits af Indo-European descent. We have no 
reafion to assume that at that early time tlie Celts differed tnueb 
in custom and religion from their surrounding Iridi>-Euri>pean brother 
tribes, which wimld have to iw supposed if the inwiitntion of Druid- 
ism existed with them from prehistoric times. Even in historic time 
there nix’; found w ith tlie Irisli kings trat^ of tlie former priesthood^ 
’ivhieh had developed in the romoti-^^t past from the divina veneration 
of mighty sorcerers j for the belief of the sovagi^ tliat hk divijie * ruler 
is the center of the universe^ who witli a D:iotion of ibe hand con upset 
the course of nature, ami therefore can protect hiui from the dangers 
which, in his opinion, threaten every codijce'ioji niortal thru ugh in- 
niimeroblo tulutos, was also once held by the Indo-Eiimpeaos, though 
long l>efore they had left I heir comnum cradle, 

8uch belief in the divinity of khig-r appears in Homer, wlicn be 
speaks of a king (Odyssey, XIX, 100) who honors the gcals and 
mightiW reigns, and on account of the piety of tlie king* the earth 
is fertile and the people prosperous, and tinces of like belief iip|>car 
also in Ireland aiuJ Wales. Thus the Celtii believed that crop failures 


1 Bw FnivT, Thr OoIcIi^b HoEJjrh. I^iadon^ fi>l. pp^ 2^, C34, 

Tbe Udidi-ii ll4Lij^ ml. I, 1ST. 
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were title to lire wickwloefts of rtilers. In the “ Rtxjk of Leinster ” ia 
rehiterl tlint nntlcr Ceirl>re CiniichpiUj who iic?Letlei3 U> the throne by 
violenw ttrid cniised the chiJdran of the nobles to l»e pitilessly killed^ 
ertch ear Irore only it single gruiiit o:ik only one eone* But when 
the tdd dyjiuaty was restored Ireljiiul regninetl its fertility, Ti> eadi 
new king the Ollninh, the eddef barfl, chanted some vqrserv in which he 
adtnonislied him to ivign w'ell, else famine and disease would devas^ 
Uite the hind, and in a Welsh ptiem of the twelfth century is read: 
*^With false kings and [in e^mseipience] :fiiilHrei of cro[>s we will 
have bad years and (long) days^^ (tbe Black Bciok of Carmarthen )- 
hear, besides, of many tnUios which the Irish kingF. even 
in historic times, had to observe to keep off misfortune from tJie LiUil. 
(Book of Rights, pp* J-8.) 

Thus the high King of Ireland in Tani must not t>e in hi a bt'd 
wdien the sun rises. He must not settle on a Wednesday on Magh 
Breagh* not cross Magli Cuillinn after srinset, not drive his horse 
on Fun Chomair^ not on Monday tabard a vessel in the water after 
Bealitaine, nor must, be on Tnesiliiy after All Saints leave behind 
traces of his army upon Ath Maighne. 

TJie King of Connaught must not make n treaty over his old palace 
after he had I'cncludcd peace on All Sainla Day (the l*it of Kevem- 
ber was a Celtic pagan holiday); he must not in variegated dress 
ride on a gray-speckled steed to the lieatli of Dal Chai^, or visit a 
giithering of women nt Graghais, or fsit in the autunm upon tlie grave 
of thfl wife of Maine, nor run a between two .Rations itt Ath 
CiailtA with the rider of a gray, one-eyed horse. 

Similai- tnlxjos had to be ob^rved by the kings of Ijcinster, 
Muiiriter, and Vlster* 

Frcmi this U follows that llie kings of the Gaels, like the other Indo- 
Europeans^ evnlvTHl from prie^ds, and wo may eoncluJej since espe¬ 
cially in Irtdttiid the remembrance of it remained so frewh and dia- 
tincl, that the kings of the Gaels when they conquered Ireland htid 
also l^n their priests, 

archeology clearly shows, the Celts wero obviously not the first 
inhabitants of the British IfilandA, but had already found there an 
{Lborigiiinl people. My OAvn nnprejudiced anthropoiogiciil observa¬ 
tions during LI Fojourn in Ireland hnvo convinced me that we have on 
Irish soil to do with two pre-Celtic, non-Tudo-Etiropean ratts. 

One of these racfei, found chiefly in nortiirm Ireland (also in Scot¬ 
land). is of STUftll, hut w'dl-proportioned stature (T wos obliged to 
stoop at almost eveiy door in order not to knock my httid), pre¬ 
dominantly brachycepbalie, with the lower half of the face of iiu- 
iisuiil length, the pi^dile line ninning almost straight fmiu the under 
lip to the chin, ^wrelled. thick lip, slightly prtjgJiathic, with black 
wiry hair and tbirk eyes, resembling tJic Samoyeds- the women of ji 
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peculiar, fimcinntiEi^ uglines:^ wkidi could ulniost be c^aUed beuuti^ 
fuL Wo have litre undoubterJly to do with a neolithic northern 
rucct perhaps related to the I^pps or Finna. 1 would like to inerelv 
inenUoTi here that certiiiii ardifiCiiugi^*^^ traces point to ui early con¬ 
nection liotween the British Isles and Scandinayia. (Bntislj Alu- 
seum Guide of the Bronze Age, pp. 24, *41^ J4li0 

The other pre-Celtic nice, found chiefly in ^utliem Ireland^ ra of 
InU and slender build., pmloniiiianUy liolicliocephalic* with dark 
hair and of the Mediterranean type, and so much resembling 
the iSpaniarda that ihere b a common legend that these people are 
descendants!^ of the ^paniartb who^ after the deidrui-lion of the great 
artnada, found refuge qq the roai?t of f re! a nil They emt not be 
Liguriiinsj ns Jullien Assnmes^ Ijteoause the Ligurians were small and 
weakly^ and the Iberians suggest themselyes os tie nearei^ tipprnuch 
to the truth* Xmneroiis other nrcheologi<sil traces of tlie neolithic 
and bronze ages point likewise to a cUsse connection between S|iain 
and Ireland* There is added to this tlie tci^timony of Tacitus about 
tlic Silurians in Wales, 

I Wats not able to pursue cloi^ anibropologiral studies in Walesa, 
Ktili I could al*9ci here clearly diiWem the prcdoiutnaneo of tlie nun-' 
Indo-Eiimpfun element. Hie !^nio traces could tdiso bo followed up 
in Scotland and Cornwall 

But if wc assume that the aborigines did jurt entirely succumb to 
the Invading Celts, and even forced on them their sorcerers* their 
nuthmal con^iousness must have been very strong, ami ibis it 
for to the pn^sent day it has left its traces in the British Isles, 

Passing over the linguistic remains^ which have survived in the 
topography and llie Celtic languages, also the innumerable fetish- 
stones which arc met with in the British Isles and which are still 
vciienited—therej may ba menUoiicd only a few interesting jxiLnt.^ out 
of the rich muterial 

Tlio tcsiiniuny of Diodorus and Strabo about cannlhalism nmong 
tho British is confirmetl by St, Jerome, wlio, in hia Advci-sus Jovitiia- 
num, ^^A^liat ahaH I siiy of other nations when ii3 a young 

boy I myself in Gaul saw the Atocottl a British trilie, eating 
human And while they have in the woods herds of pigs and 

cattle they are m the habit of cutting otf the soft parts of the 
slicphcnls and the hrrusts of women* ronsideririg these alone as 
delicaciffi,^' (Quid lo«iiiiir de ceteris nutionihua, rum ipse adolei^'cii- 
lulus in Oallia viderim Ateec4toe, gentem Brltannicam, human Is 
resri Cflrtdbtis? Kt cum per silvas pon^onnu gregej? et. tirmcntorum 
periidumf|ue reiwrimit, pnsloruin nates et feminanuii papillnE golero 
abscindei-e et eas solas cibonim delicia^ arbitrnrif) Nolx>tly will 
mnintahi that such customs can bo ascribeil to Indo-Europeans. A 
dim r^llection of those times still survives among the Celtic people, 
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tmd w€: iincl in M'ultis und Stsotlsnd nnni^roiis talcs of giants and 
Spirits wlio »1e their oaptivifs and dmnk tlieir blood. 

Aiiotiior custom nicntionctl bir' Suttbo, ilmt the aficient Irish con- 
siimiid Uic forpses of their fathers, can certninix not be credited to 
the Celts, since it is well known wival on important part the oueestor 
cult pla>'s tiiiiong tbo Iiido-biuropeMns. Xliis ciiKloni goft* hack lo 
the belief of the savage, that with the blood he also tulses in the soul 
of lln! dead, and traces of tlio custom can be followed up even at the 
present day. 

Wiwxl-IlfurtLii relates tbat the still subsisting custom in Ireland 
of inking fexai ul a fum-ral in the presence of the dead is n later form 
of an old custom of consuming the food after it. was laid on the corjjse, 
with the oliject of oequiring ('etiaLti tjualilics of the departed. It 
may l>e considerptJ as a remuiint of the old barbartnis custom <jf con* 
smiiji »g the corpse i tsfl f. 

Schrader has sliown that tJie family eonception of the Indo-Jiiiro- 
poans in prehistoric tlniiis must have been entirely agnatic—the prin¬ 
ciple of relationship by the fntlier's side was curried tlirotigii in the 
common prehistoric time of the Itido-Eiiropeans. TiMieii in the Brit¬ 
ish Isles traces of the niatriairliflle are discoverer! they must Ire as- 
crilwd to the pre-CcUic iieojdes. 

Zimmer has positively cstablislied lUo fact tliut among the I’icts of 
Scotland the matriardiate prevailed down to lustoric times. The 
Piets are to 1>e sure tion-Irili>*EuropeaiJSi but they were celtitl/ctl. 
thev bud nlisoHved numerous Gaelic elenieiits at about fiOO B. C. 
from the Irish Gaels, 100 to tiOO years later from the “ Biytiioiis," 
and were gaelicissed again in the hrst Christian centuric.s. 

In Walfts trai^es of the niatriarebate are found in the families of 
the ilJibinogion, and also ns regards Ireland many clear proofs can 
Iw adductttl. 

Matriurehate among the Iberians in antiquity is well attested, and 
Solinua ndutt-s that in Ireland it is the mother that offers to the neiv 
Iku'u the first food on the jjoint of the swonl of her husband, with 
the wish that he may ilia in no otliDr way than in battle. On the 
other hand, among the Indo-Eurepcans it is the father who gave the 
child the first food, as is proved in India by tlie Grihya-Sutrnn of 
the Apastmiibu and lllranyttke-dn,' ami which Speijer in Jatakama 
(p. KJS tf.) has shown to hold good also for the other Indo-European 
peoples. 

F. A. Potter relates (ilpscriiJtinn of ‘West-Meatb, 1819) that all 
married women coll thejaselres by their maiden names, which is still 
customorv in iTlster, According to W'ood-Martin, women retain in 
many i»lac(S their mitiden names and follow more often the relativea 
of lUeir mothers tiiun of their fathers. 


1 31. iliar5S«r, Btftwl Benrfu Of ftm Ei»l, jtH, pp. SlO, 
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Tlio coiivndof certainly a iion-liido-Europenn f:u5^toin». is also found 
in Uio British Isles. In ITlster the couvuJa (inen^s childbed) was 
enstomary in hoary Hntiquityi lor the Book «f J^dostcr i^dales that 
when Queen iledb of Connniight uiarcheil with an artny against 
Ulster alJ the men were lying in bed incapable of Jighiing^ with the ex¬ 
ception of Cuch Ilia ins utid Iuh father. A pregiuiut woman had cursed 
them so that once tt year they should experience tho pains of labor of 
tho women. 

In England, too. the custom of the convade once exisicih for in 
Yorksliire ^ the mother of o girl who lias bonie hu illegitiiniite child 
used lo go out in ^iirch of its father^ and the first man she finds in 
bed is tlm one sought after. 

Eveu for the Iberiatiij b the custom of men^s childbed attestcfh and 
it is still found oniong their descendants (?), the Basks, This makes 
it probable that tliere w^as a connection betweeti the aborigines of the 
British Isles and the Iberians. This custom is also found in sniith- 
ern India, China, Bornecj, Kaiudiatbn^ Grocnbmdj and among many 
trilx%s of Xorth and South ^Vniorica, Irislt women before ilie birth of 
a child often wear tlie coat of llie liuahand in order that ho sluiro in 
the pains of labor and thus relieve the wife. 

It has Iwn si.'cn that the race of the atKJrigincs of the British Isles 
was not exLerminated by the conf|iiering Celts. It is also oednin ihat 
it WAS not completely suppressed^ but that the eonqoerors to u large 
extent amalgamated with the subjugated. For even in the earJiesl 
times there h not found in Irelaml a servile plelic as in olher coun¬ 
tries conquered by the. Indo-Eurcqu^ns. Tliere were there no castcj, 
only different, social strata nud a family could easily, by the accjuisi- 
tinn of richer]j rise from the lowest rank to the highest. There w as 
perhaps nither an infiltration of the Celts thuii a real 
but the reason for it may jierliiips be justly looked for in the great 
beauty and the extraordinary diariu of the women of tlse uborigineft. 
The Ijeauty of the Celtic women is well known, ntso the fact that nmst 
of them had black hair and dark eyes, wdiich evidently joints to a 
non-Indo-European descent. 

Among no other people does woman piny such n great role ns among 
the Celts. Their litemtiire is the cult of women. Xo literatui'e b so 
rich in love stories as tlw Irish. 

It wdK oiU thni In thi- otde^t hero mafirB of tnfmi nfttlons women j^hif 

hat n MnmM luirt, exceratiig the GerimiinB with wham woaieu alwarn 

11 a laijiartaut j;N>t=inioD. Rut llie oeBltloti of watnea in tbe iVllic [niilltlan ia 
Ineomiicinihij more Imporfnnt, The loved a tuftii for an loimarlQl or, at leaKl, 
t!eaili1[vlne niiimen ^ef^u3a^ly iveutrH la tho bero talesL OurntE^nH nml Celtn liiiv^ 
trentccl this nubjecr hut Jn u ver>' tUfTert^at lananer. In 3 he laies of the Clw- 
mnnp the tuna plarfl the thief jiart* he woos the toHldo^if aciii tfoiaeclmee ev«i 


»Tar ’OJl. 25. p. IIIL 
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compels h^r to rule iit bis beiirtU. (iflunUy. liowevc?f, overcoine by tlie boidiiiiSH 
and beJiOty of tlie hem, wbo becomes voluntarUy lib? wiit^JecL 

DEffcrcnt l« tbe case wMh tbe tlJvlne lulHliTT^Ea of the Celtic iioro. ^be stiiys lo 
hiT own tafkl and ontkvs op eoiupeSs tbe ttiurlal lover to seefe hf^v* * Cenntn, 
ffrnti, 0«slau luive to lenve iMs esirlll In orkler to iM^-on^e nnltcd wUli tbelr 
beSov^ Even Cncljutnin, ttw mlehUei-t of till hcrrH^n. H euuJiwl]«L iiirtwiQi- 
HtsndinF; oU raplsfiuiiret to follow tlie fairy Fand iiml to dwell wIlli licr. 

TLlc dhilio liekived aliuiys rctulna Use up^jc-r htiiiid; wbeo Ibe looiial brc^mies 
timi 11 nil returns to llio airlli she remiiinH Imck, wise nnd hw^mtlfu], ro bewltcli 
and receive o iiow ^erutlon of tieroe^^. She ehociasps whom she Ukea, and In no 
naan^a slave. Bhe sarrendem freely, hut eJie gives up neither her freedom tior 
her dlvlno iiiiiurt. Even whin I he kive story ojikiikt linmitii beiuip^ the 

tmsltloa of the women Is much more omphrtslsfiod than in the Gertnau talcii, 
She In no mere thilitJet iiix>n n ftumo-gSrl roc-te who Is resdy to run stynlghlway 
Into I he arms of tJm hero destined for her by fiito* Tin? Lkdtk* weimin takes her 
fate thlo her ivvra linial mnl ehooHes herself her hdishimd of namea to Utm her 
ccmdlthiea^* 

It ufttfii Liappena thnt the woninn ivinjs inati Instead of the 
reverse. 

Tu one of the dldcat ftflclic dtronicles b rcAd: 

Tint the fnlreet womnll who carlo with the Mllealana to Irelnnd was fae^o. 
Tmaldh'a wife who hnd Uved lonely In wtwfim Sikolu tin Lnnhlil W'ooed ber^ 
mid jjeople ssild of Fenle she W'tis too bemulfiil to live. 

The Tris}i Iiistoriiins used to design to as ^fileidens the non-ltido- 
Eiiropcuii <lark*e}eJ iind bk<k-liaired people of Ireland whom they 
considered t on account of their appearance, as immi^rrant tspaniarfls. 

All this makes possible a great influence of ihe aborigines on the 
Gaels, But before assuming the probability that lliey have exer¬ 
cised 8ucb a great teligiouB mfliience, U is ncccssury to find nii 
anu1(»gv for such an occurrence. 

Tlie aborigiries of the British Isles stood, as has been seen, on a low 
grade of civilization—they were savages. T.et us first investigate 
what conceptions one savage people forms of another. 

The savage feai? everything new and believes it Iwwitched. 

Tiius the inbnbltante cf the Nlkobntes aecrlNi^ the DuaKUAl vkilml min* oI 
to tho of the e^lrltu he«iow ihooilohtep fliid other atrania? luflim- 

mciiiJi were iml up upr-u l3l«Jr fuvariU' phicc^” Tin- siivagiT t^tivioiirty cooHidf>rH 
b foreljcn coimLrf ns lK?wiItched. Amoutj The OiBmbo» the iirmj% whea golbK to 
war. \n procodctl hy » infin wlio \n nesl to ihe pfriii^rul In raui^, and on tlw' 
iimreh emriiw n tiiirulne torch. Thin probably rhu t,hjvct of purifying the 
air Prom tbn hvH iqilrltb wbu lolmhiL iho imi-mr* coiiblry, for whim the Are in 
DJillDiml^l It In taken ns & bad uiuen auil the army renim&/ 

Tho inhabitant^T of u foreipfi larnl are the nioiT! lielieved by the 
FftVRges to be Eorc-vrprs, I'specittlly when they bdong to a ^tnmgo. less 

I A. ?inlt. StTnllMi oil I hr I-wn?d nf Ibr Tfaly flraSh liHSt, p, ijai-SSA. 

• latrruHllDfiMlm AirbtT, fUr ElbAAlcifiia, v&l. jk, 13. 

* EL £h:hln4U I>«alieta-Sw4w«flt-Atrllta, p. 3^. 
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clvUizctl race* Thb siiinif feiir is met with not only among savages 
but also among peoples iif a higher Jegree of ciTilixtition. 



[R tlie Oiitonn-Javn IfllandEi all etniRKi-rft nt tliolr arrlTol arc rt- 

eeU-4-^ by tbe soreerec^ ssprlatltHt wltU wfLter+ Uioa anointed wltli oiU etc. 
Otilr after tlioy have been unebjiriued can they ^*e presenlerl to tbo ehlefj 

Ft bs also known tlint the Itinilus despbed the abrwtgincsi as tinclean^ 
hiit^ on the oilier hand, aliui feared tJiem;, Iseciui.^ they believed that 
the pariahs were In ptJssessiou of secret magic virtues and in atlimice: 
With die old gods of die country. 

It is therefore very probable that ihe invading Gaels coDsidered 
the atrfirigines as beings endowed widi sii[«?rnatnral powers nnd 
possessing great Imowledg*! of the secrets of naUire. 

How iniieb supej^liliou is altadied among the people of Great 
Britain and Ireland to die sO'Callect fairy arrows,"^ i, e., arrow jioiiit^ 
of flinh which were used by the pre-CoItic sdwrigities in (ho stone age. 
Perhiip® thUi supei-stition goes baeb to a tinw when the Cote wnrrfid 
with a people that employed flint weapon,^ and was already then 
feared m being endowed with supernatural power. With this agrees 
well another folk-tieUef w'hieh isconnectcKl w ith iroiu 

Iron 19 supposed to have the potency of wurding off all i^pirils. 

To nortlirajrt ti piece of Iron Eh iuRcrlcil llito aU vLmdfl la order tJiat 

^deiilh/* KhniilO not enter.* In nmiiy WcIjOi talci^ tbe fulry iiiiimUotLii bur b^i- 
IovihI lit ili£‘ nionif^iiit be toucbca ber with n nleCE' of Iron** 

In the weslrru islivnds of Scotland it is Raid lhal any one who enter?? 
the iuterior of a inountaiii in which the diincw miiRt leave a 

piece of iron before the entnince. t>nly m can Iic prt'Vent the fairies 
frtmi cloying t he gate and relniuing him forever. 

Tills fear of spirits seems to be an inherltjincc from the aborigines 
who had no knowledge of the metals nnd may have often retreated 
befun? the better arms of the Celts. The crude inhabitants of a coun¬ 
try often appear m tJie later popular tjeliefs as spirit,*?, giants, or 
dwarfe* 

The Celts mm^t have natiirally feh a speeial reverence for the 
iihorigijial medicine men. the Druids. w"hom they saw' feared by their 
own iJ^ople- Among savage peoples the king is usually evolved froin 
the sorcere^, ’ivho, iti their belief, can, tlmuigh his art,*?* bring on mis¬ 
fortune and death. With ad mi tut ion the Gaels called these sorcerers 
^ Druids,^ the supreme wise. 

The peculiar chaincter of the Dniids was that of mighty sorcerers, 
and is in complete contradiction to the conejeption of an Indo-Eiim- 
pean priest. In Ireland, which was least exposed to foreign in flu- 
oncca, we can best hope, to find Drnidism in Its original form, \S\ 


■ InttfniMlJoiiiilc* ArrrblT. fQr Etlinojrnipblp. *oL 10. p. 112. 

« W. Urteipor, Vcilktare of Ibfr S, E, i>f ftcotlinit 200. 
•TimiiMctloni uf ibr Fl&ii, Swflttjr of Cjmoifwltpr* toJ* -i, p. 3. 
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meet them there cliiellj' as imigioiniis imtl jugglers. They can Him 
day intjMiight, wind and seit obey their words, they can tmtise fire 
ana bh* to rain. Sticli views us lhat man has |X)wer over tlie ele* 
metits. are foiiiid onJv iiniong uncivilpeople*, who luck the coiieep- 
tion of the supenmUirttl. Tlmt the Dmid* were physicians is closely 
connectwl with their ciillitig tis winards, »* sdso their gift of pmphecy. 
So great is their iwwer that even St. Pot riek imploius Ood to protect 
}i?m ugiiiiist the coiijIIrations of liie Druids. In old Irish literature 
the woni ■‘dnii" is'used ssynonymously with “ nitigus, and in the 
new Celtic 1 alignagi!fi the word ftorm^r stands for “ Druid,” 

TliD Drutils are wux'crers nnit rain lunkera. w!n> iiraieiwl Hiat ttej iiin conjure 
Btorm Jimt mow, an J fdshteu the juaijile tliruUFSb fluttertut; wi!ii« of Ftmw imd 
other cLllilIsli trlctei. T'biiy soolbisiy by tbe obM^rraUffO of wiecilDg amt other 
oniein^ by ibelr drciiiin» ntlur a fesitval, or by cbewtng raw Ui^me fleeb la the 
npencnve of Ibolr hlola,by thofCMklurf of ^beir ni^nw imd tbc cUln^lnir of tauio 
wtena or by llclilay til a Itronsso Wmle, wbU'b was maile r«l Iwt la the fin' of a 
mountiila Wh. They nre dnwsed. like ibo cwdlclno men of tbe rcdFltlns or ttie 
AnKcWolos of Oio Sliiiulmnux. In os iMUn*. niam the bend n bird can with waring 
plDtneiL^ 

In tlie mountains of Scotland, north of the Grampian Hills, the 
nlwriglnes remained longest iudepondent, ntul therefore also lonj^t 
preserver! tlie institution of the Dniids ns soreeren^ for wc hear that 
those who wish tn learn the j^farious art of conjuring more thof- 

oughlv travel to Alba (Scotland). 

Pliny the Elder also &ays that Britain is in laid repute on account 
of its iimgic arts, and from the narration of Tncilua *|f tlie destruc¬ 
tion of tlie Dniid sanctuary at Mona, it Ijccome* evident lhat the 

Driiitbi were iftmairers. . , 

Blit hmv ran it U' ordained lliat they should la? described by the 
writers of antJiliiilv us philosopliens ns teachers of a pure morality? 

In Gaiil*Druidisin t^eil not un birth, but on the gaining and train¬ 
ing of novir^*; in Ireland, too, we find tlie Dniids as teachers of the 
voiith,nnd of the Dndd Cathlmd it is c.vpi-essly said lUiit ho is leach¬ 
ing hk pupik the Dniidic science (dniid^it). It can tliervfore be 
safely assumed ihtit also ammig die alMirigiiKU the art of conjuring 
was^nveyed thrmigh instruction nnd initiation. 

;V])fre the Gaels entered into friendly relations with them tliey, 
no doubt, olai endcavoreil to participate in tliat instniction, nod we 
find ill Indand imt a closed Druid carte, but we know alsfi iioets who 
were Dniiik; even fuaiie kings, as tin* grandfather of the famous Irish 
national hero Finn and King ConnoFe father, belonged to lhat 
pricflthtHul. Thus the Druids gradually licenme a Gaelic in-stitution 
unci the priestly imwcr of the king was also transferred to them so 
that they held after him the higlu**! rank: it even was the nile that 


t CtlDlC*^ 


D'4"urr7’A haWP‘Tvr^ Auuttier I Ign, 
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thp king if! the pirseiice of his Dniicl tvrs Dot ftllowe^l U> s[X!-3ik until 
After the JaltcT liiii] fipoken, 

A <liin recollection of the fact tJifit the l>rui(la were onistlio 
cerers of h, race survives in the Celtic niyth^ w-hich relute 

that the miifrie virtim of tl# Dnii<k was so great ihflt they even 
triumphed over the goih^ a trait which, on the one hand recalls 
the shamait^g, on tJie otheCi becomes easily intelligible when it irf 
ren?ernlwn=!d that the Druids having i>cen originally the sorcerent of 
the aborigines were the enemies of thn C-elts a fa Iso of their gods. 

So !ilhk> the pecnlinr f'ontnist betw^een the Druids and the Celtic 
gcKl^^ which, for iiLStancc, makes iUelf prominent in the "^Echtm 
Connie/- is e.i^piained in this way. ^ 

No w^onder that the Gaelic ix>et prophets (Irish, fmthi^ for 
the Celts hfid also their iwotlmyc^), fsonsklereii their new rivals 
with jealous eyes, ii jealousy which finally led to the extftrminalion 
of the Dniids (03T, battle of Jfiiyrath) in Ireland, for <wh^n St. 
Palrkk wimted to intiwliice Christianity into Ireland he found in 
the Drinds lus worst enemies, and he could only overcome them liy 
allying himself wiih tlie ffuL 

It is not striiugu that the more higlily civilised Celts considered 
the priests of the .savage aborigines as mighty sorcetvrs, sintsp we find 
something similar among the GcrmiiuSi 

TJiP FJnnp. who In prebljrtarlc times imU oeenpEcd a portion of the 

^ SotinUfnavlan I^ciiliiaula, wen^cirtiHldonx] Iw the |□radta}; Ikmmuji ns. conjurers, 
m tbnt Did Ners^ tUernny FlnnlE^h wc«rk. Tp nneqiilvoCTillj- tised for 

wEteherLift^ ami In ilielr own rpHElon the the Bhaman. who mediates the 

rplaiEotiK |ielAtc>pti men and jsodP, nay even toerce the laiter thmi^li his nrt 
Into hl^:^ service, liohU llie cent nil ik^hUIoh." 

Pml Much calls iny ultcntion to the fact tliat in llu' Edda pot lu, 
Ilyndhiliotli, p. .^1, sdl ,^rcercra are derived from “ Sdiijarzkopf 
(niacklicaiJ), who hy liLs name U markepd as iho ruprasiaiitotivc of a 
non-IntIfrEiJfopcmi niw Thus the Gemmiifs, while iJiey 

knew- stircci\'rs, referred them to the [jupps, a non-Indo^EnrojicEin 
people. And as ihe Irish, iu order to team the art otmT^ry traveled 
to Scotland, so we also have the Nor^ expressions, as^ fiira til finna 
and '"gtTEitjirinfarar,” i. e.. to travel to the Finns (Lapps) in order 
to leani the orta of sorcery. 

Is it too rash to assume that the critdt=‘ailKirigines of the British 
Isles hud a civilization similar to that of the Finnish-Luppbh peoples? 
Si till 111 r primitive conditions produce similar civil jzalion^t und J. F, 
Ciimpliell, an eminent aiilhority on FinniBh antiquities w'ns-«o aston¬ 
ished at the siiq>risirig drnilarity Ixtweeii many SmtlLdi cnve-dwelU 
ings and those cif the FiniiH that he did not tfcitate to declare the 
aborigines of Britain a people related to the Finns. 


iR. Much^ atuDniMilEimik^, p. 31, 
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mien thfl Gaels allowed tUeir sons to Ini mitiatcd in tbo Druid 
teaching they certiiltily did nflt for^t th^'ir nwn Iiido-E^Faii 
Ihe same was the case ^ith tUo Gauls who 
qtie^ Britain and adopted DmidiAni from its 
Gaek Imd from d^o aborigines. Th«siil«‘ p^^ulmr ^nirast l«tw^n 
higher and lower dwlriims os found among lUe Druids is castlj 
t4lain«l \Tlieii mlny the Elder described die Drn.ds as merely 
i.nijufem and priests of the oak, he told his etmtemporarles wmcthmg 
: their loftv dcH^incs we^Jong befmv that generally known. 

There are dsewh&ni instances of an advanced wli^on to era ing 
the old, crude faith. When to the present day in Catholic wmntriot, 
iU^ jVflonis festh'Jikbt nnd tlio old heathen ^ 

that in Uic British Isles eren amht the dominniiMi of tin. Celts th 

non-lndo-Europenn I'eligion wafTln \MTi . 

Andrew laitig. in his work “ Custom and Xlyth,_quotes an 
of a similar toleration w hvdi was transmitted t.y Garcda^ de \ ega, 
the son of a .Spanish eonqnei-or and an Inai princess. 

R^tom Uie time of the luma cvw Inillaa Uelleve.1 

from tuaUtulflCrtut waita^ *“lu th^allnwii the oUl anlaiat worehtn to 

■-»»•'» 

nDlmAla which tlie IndlanH fumerlf wc<i*hl[aHl. 

Tliat Driiidism had Its origin in the British Tsles and was n . 
broaeht tliither bv the Celts, tlierc is almost certom proof. 

^ Bifii? the Elder depicts the Gallic Droids as pri&sts 

ciiltlnw-hichaLsotbcmblletoeplaycdan important tjile 

.Vi, 2rP seqn.) The worship of the ottk as part of the 

rean relSin Is well atlt^tetl and it also can l>o pniven that the 

mistletoe had a great signifit'ance in this cult. T e 

erallv known that it docs not reipiire special proof. Brides, Mas. 

Tvrios also savs that the Celts worshiped Zeus in the nmpi of a 

hi’wh oak. llie Druids are thus seen as priests of an Indo-European 

T * 

then the Celts l«fore the conquest of the British 
had Dniids. who were priests of the oak cult, they wmild ^rtamly 
have brought this cult to* Ireland; for Ireland was in ancient times 
excecdinglv ricti in f>ak foi'csts and even now there are more than 
WOO plac^ names which Ijegin with “doire, daire (oakwond). An- 
elkiJil ‘*derry”—not to mention ntlier compoilndH—so that the 
name of the mik in otace names la rouch more fmpient than that of 
any nthiM* _ _ _ _ _ 


1 Joyevr lrt*h Nroim Of FliOrtt, ^ t'dttlim. P- 4jft, 
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How struTi^e mu^t it tb^ii tippettr tliiit the otik is so rarely men- 
tioned in tJie rich le^ejidury literature of Ireland. 5foi-'a single 
Irish supcTstitinn is kmm'n which b connected with the oak* anrl the 
Drui<ls in Iitdand are neverg,brought in relation to the oak. Their 
ssarrcHl Iree is the mounlum asli, and they carry in their hands staffs 
made of this wood. The Druid fire also is kindled with tlw wiMxi 
of the jnouiitain asli. 

The jMJculiar fact that the oak plays no part whatever in the 
life of the Irisli Dniiils and in the superstilhm «f tiie i>eo[de 
only lie explaincil hy llie assunipiion ilnit tlie Druids w'cre originally 
pricsis of a perj|>lc tlntt did not know tile oak cult. 

The (Taub who remained longer in their couhtry were le^ under 
tlie influence of the pi'c-Celtie inhabitants of the British Isles than 
the Gaels, and therefore pre,ser%'ed alongside of the new Druid doc¬ 
trine the old customs of their ludcnEuropean iiiicestora. 

It is tJms seen that llie Druids miiat oner have been the priests of 
a people that did not kuo'iv the oak cult. The oak cult of ilie Celta 
is re(ieaLedIy attested; henc'o the Druids can not originally have been 
a Celliq priesthood. It is also known that Dniidism took its origin 
in the British Islesj and it can only l>e derived firan a people which 
inhabited those lands be fora the Celtii. It has l>ecn seen tlmt such 
a people had e?Ki$ted in the British Dies and that ii was strong 
enough to e^cercise a decisive influence upon the conquering Celts; 
it is also kno^vu that it is possible and often happens that a people 
which b lower in the scale of eivilizEtlou influences the rali^iouH 
conceptions of a more adv'anced one. 

Aside fmm thisj Druidiimi exhibits so many tion4ndo-Euro{>eaij 
traits that on this account alone the origin of Uiis priesthood must 
be sought aniongrit a non-Indo-European jKHjpIe* 

It eaii therefore be maintamed with great degree of certainty that 
Druid ism had its origin among a peojile ihot inhabited the British 
I.slett before the Celts^. and probably belouged to i\i{3m great tribes 
who dominated western or northern Europe long before the fimt 
Indo-European had planted his foot iherc. 

Wo cafl evrn determine tJie origin of this people still more deli- 
nJtelv* Rhys doubts Caesars statement tliat Druidkm took its 
origin in the British becauw the same pro-Celtic ^leoplu is also 
met with on the Continent, and die Iberiatia of westt'O’ii Europe had 
Druids. But tiiit difficulty can ^^ry well be solved if we assume that 
Druid ism had its origin among the prehistoric people of northern 
Ireland* who were different from the llierbiiLs. The analog^' with 
the Gepnanic coruliLions described above thus becomes still do4Lrer. 
Caesar's assscrtmti thus remains linshiikcu. 



GEOGRAPHICAL AND STATISTICAL VIEW OF THE 
CONTEMPORAKY PEOPLES." 

|Wlth miomi 


- Tfy Lcmait Nicdeuj^ 

nf Arvhtfilhitii crrt<t Uufirmiatt /'rrJi^ipr?. 


INTFKinCCTTClN. 

The original SJav people arose in cent ml Euroj>c by a gmdual 
linguistic nnil ciiJtiiml ilivision from ilie old Aiyun or Indo-Euro¬ 
pean iiiiiLs. 

From the physical standpoint, the original Slavs were in all proba¬ 
bility somewlmi eoinpotiite^ with differences in the type of the skulL 
m well jis in tho color of iho Imir and eyes. They were pmbably 
never eiitiit^ly homogeneous, either euUurally or linguistically. This 
is suLi^HitaiuiaU^d by the fact Unit in the region occupied, evidently 
from an early i^eriotlt by the (irst Shivs there are found different 
cranial tyjie^; and as to complexion^ one portion i;if tlie Slav^, at the 
commenceiuent of historical n^nortl^ concerning these pwplp, is spoken 
of as pos!iu.»ssing light hair and eyes, while another portion is said to 
have l>een dark in thi^ nj^spects. The remains of hair in the graves 
i^upport these stateineiits. 

There existefl also. l>efore the present era, several distinct cultural 
regions among the old Slavsj for we find in the Ijctwoiui the 

Elbe and Veserj other typ^ of graves and w ith different contents 
than on tho of tTie V^eser. The former region c^iineets in these 
respects with that farther souths in central Europt>, while the hitter is 
more nearly relotwl to that north of the Plack Se4i. 

The lingiiistie differentiation was equally nf ancient origin, and 
was undoubtedlj' favortal not merely by regional developments^ but 
also by isolatioin migration, contact^ mixing with foreign ele¬ 
ments. etc. The eventual result of this dlfTereritiation in language 
was that anrient Slavs* who tnUf^t still be regarded as originally only 

I Prepare tll?* SmltliioiUfl.D Itr'port^ imdt^r HipervlMlaii Af tt]4 nutliar, od . tl]iF hftpli nf 
tlM> pulsllcflticjfl b«AHJ]i2 ttifi llEir SIotbrrIe^ ITIir Wftrlfl of ihf- 

laiOn pp. l-iaTn Pubt3iih«*iil rI» ib flannlui In tbe ai4¥ Rnd in tru-HlRllan 

In #«¥vrRl ALber StiiTlc Iuvvaich. 
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GUP &U uit«* tt niiJHl»ep of stparate parts. At tlie present time, 

ami cvwi throRgliout tlie period covered by bistOTV', Slav joioplc as 
OIK* iiiilional unit no longer exist j their place is oceupiotl by a line of 
toon? less tel ted Sin vie nntion^ , _ 

The detuib regutding tl^e chue?-®* nud progresa of the nbove indi- 
vidiiuliziitipn anj prubkirun tliftt are still to n largo cite tit unsolved. 

It is most jjrohable, however, that the original SLiv people, the 
nucleus of which occupied the rt^on of the rivers Oder and Dniei>er, 
but who already in the [irehistoric times were reaching in places to 
the Kibe, ShuU and Donau, os well as to the Baltic Sea, fell gradually 
apart into three primary groups. The tirst of tliese, to the west of 
the Veser and tire Carpathian Alounlains, expanded still farther on 
toward tire west and became a branch of the Elbe, Poinemnian, 
Polish, Hohemiirn and Slovak Slavs; the second main br^aiich, whose 
original territory was most probably somewhere near the Upper 
Vistula, the Dniester, and the central Donau, moved in the lourfie of 
—with the exception of small reiunants—^to the south of the 
Carpathian region and into the Balkans, separating secondarily into 
the sulaltvisions of the Slovenians. Srijo-Cburvats (“■Serlio-CrtHi- 
tiaiis’-), and the Bulgarians. The third main branch of the Slavs 
ftnally expanded frmn the lower Llirieper northward to the Gulf of 
Finland, westward to the D«*ii and Volgir, aitd srmthward to die 
Black Sea and Lower Dmiau, evolving eventually the Russian 
nation, whicli, due to various tircum-stauccs, became itself in dr Her- 
eiit localities sjoinexvlrat hcteromorplrous. 

Tire degree in which various Slav group^i ilitfer fmiu each other 
to*diiv, while nowhere excessive, is not' everywhere alike. Between 
the Bohcnriait, for instance, and the Pole there ia a greater g^p than 
Ijetwcen the Bohemian and the Slovak, and that Iretween the V elkorus 
(Great-Russian) and the Pole is also decidedly greater than tliat 
between the former and the Malortis (Smull-Ritssiatr). In cotrae- 
queuce of the less wtdl-delincd ditferenccs, we oonsiantty meet, in 
literHture and elsewhere, with controversies as to whrch groups of 
Slavs tail be regarded as iitdc[)Cndeui ethnic units or peoples, and 
which errn not he tio rv'gttrdcd. Furthermore, these conditions 
rise to disputes in the application to the different grxurps of the 
terms nation, nationality, steiu, l^ritnch, race, etc., and, finally, to 
disputes concerning the number of preseiii Slav natioriaUtles or 
peoples. There is no agreement in this regard, different classifica¬ 
tions depending on different points of view, such as philological, 
ethnographical, historical, or political; and even from one and the 
same standpoint, such as the basis of luuguage, different philologista 
form unlike classifications. In many cases the tendencies at separa¬ 
tion and iiidirtduaUxation are given more weight than the actual 
difference, while elsewhere political motivis ore responsible for the 
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Tiiuking of new notionjilitiufi of'Vliosse exu^Lence, nud with full right, 
others will not even henr. It Ls in cuDswilience of tlictso couditiona 
thnt the mimbor of !«parrttB SluT grciiips, and hence the entire SIut 
elassihention^ varies so much with different authors. 

The host iiutheutlcated division of the Slavs to-day is about as 
follows r 

1. The Ruisdim stem; reecntlv a strong tendency is manifested 
toward the rec<jgiiition within this stem of two nationalities, the 
Great-Hiissiatis and the Small-Russians. 

2. The Polish stem; unite*], with the eitociition of the small group 
of the Kasnb Slavs, altout whom it is us yet uucertain w’hether they 
form a part of the Poles or a remnant of the former Pnltic Slavs. 

E. The Luzice-Serbian stem; dividing into an upper and a lower 
branch. 

4. The Boheniiitn or Cech and Slovak stem; iiisepiirable in Bohe¬ 
mia and in Moravia, but witli a tendency toward individualization 
among the Hungarian Slovaks. 

5. The Slovenian stem. 

fi. The Srlx>-Cliorvat (Serinan-Croatlan) stem, in which jiolitical 
and cultural, hut especially religioua, conditions have pr*>fluced a 
sepanitiDii into two nationalitiee, the Servian and the Croatian; and 

7- The Bulgarian stem, united, Only in Mncedtmia is it still 
undecided whether to eonsider the indigenous Slavs as Bulgarians or 
Servians, or perhaps as an indoptndent branch. 

The following pages contain brief data concerning the afjovo 
divisions: 

Tltu aCBl, OR BCSSIANS. 

The beginnings of the Russian nation are hidden in anti<|uity. 
There arc names t*f tribes in the works of tlie old historians, some of 
whicli evidently belong to tl^e old Russians, but as yet it is not 
known jMJsitively which can be safely so regarded. 

In the fourt h ccntuiy A. D, there appear some hazy notices of the 
grt‘at tribe of jVnti. Under this name, it is now known, were com* 
prised the southern Russians of the territory between the lower 
Doiiau and tile lion; but later this tribal name disappears. 

Some rnhity mention conocniing the Russiatis exLst also in the 
Arabic notes dnling from the tenth century. But it is first from the 
work of Constantine Pcirfimgenmdes, and esjieiuaUy from the 
famous first Kiev record, preaen ed from the beginning of the twelfth 
centurv. that we Icam that toward the end of the first milleniiitn of 
our era there lived in what is to-day European Ru^ia, a w hole series 
of Slav trilies existing ns more or less independent units. The 
Kiev record mentions 12 such tribes and at the same time gives 
for the first time to all these iieople the uoUective name of Riiai. 
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How tha tcmi “ liusi ” aroHO is still tjoii lit fill, but whJitfiviT mny 
havti b»n its origin, it is oertniti Uist llii* li-nu wiih iipplied foremwl 
to tho iCIcv oontar of tlift populutioiL It wiisj iii iitw, tlmt tUo 

first Kussiati stiite was fnuinlEi!. The mmie ostendi'd tbeiit'e over 
broader territory and eventually enveriMl even sofuo tribes that were 
of a different ethnic origin. 

Tlie pastern port of the Hussiim territory at ihis time, however, is 
not one of tlie parts originally oeeupied by the Ituss’mn ixsiple, but 
is a territory tJiul was coloni/ud by them after utlicr settlers. ti?iinilar 
coJonisuition a bo progressed from an early period toward the north¬ 
west among the Baltic tribes and toward the inirtU and iiortlieast 
aiibong the Fums, 

In tho west and southwest, Uiissiati spread was rcstricited iiy the 
presence of the solid liody of the Bolest and in tiie south it was 
iiilerfereil with fToin earlj' jieriods of our era by various invasions 
and iuigratioiis of foreign peoples. Into this region, bordering on 
the Black S«i, came in the third to fourth century the troths and 
Hcrnb; In BTC it was tniversed by Ibo Ilunns: in dHii by the \ olga 
Bulgarians; Udore the yesr 357 by the Avars; in about the middle 
of the seventli century by tlie €ha?airs; and during ihe oitith cen- 
tur 3 ' it was ofcupifed for a Lime by the Uralian Magyars, on their way 
from the Volga to tlie Donau. 

These invaHions, however, only intemiptcd and delaj'ed the Rua- 
sian colonization of these more southern tegioiiij, Towain] the end 
of the tenth ccaitury the tewdencj’ southward of the Ru&i is inon* 
marked than ever, but it becomes again inten-upted by the advent of 
faiiber eastern hordes, principally Turkisb, resniting in long years 
of wars. During tUu tliirteentb century fullows {bo Talar invasion, 
mid the victory of tbe Tatars in liitil results in tt devcoilution iind de¬ 
pop iilatioo of a lar^ part of southern Rui^ia. 

The effect of these attacks on tho HusKian people was deep and 
lasting. On one hand they detained for a long time their udvaiict^ 
jjouthward and westward, and on the other liiiiid they resulted in a 
oijuiiter jiiiessiire of the ever l[icreu.4ing Russians agninrt the mm- 
Rnsiliiii tribes of the •northwest and north, with a gradual occupa¬ 
tion nf jiieco after piece of territory formerly belonging to peoples of 
different origin. 

During this porioil nlsn an iuiportant ]x>Utical transfomiallon took 
place within the Russian nntion itself. The old tribal sri-stem gradu¬ 
ally dbappeaned, givuig plaoo to fewer territorial politics! units, 
from which eventilally arose the three great divirion.s of tlie KiuKianfl. 
differing somewhat in tongue, in habits, and occasionally in politics. 

Thiee brandies were the Velkonis.i, the Jfnioniri, and Bteloniid. 
Correspondiiig to these divisions, tliero uruisa also during this jierliid 
the tciritoriol nainea of Mab Uus (.Small Russia), tJib Rus (inule 
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RuFSJtt), and V'elika Ras (Gptut T{u?$ia)* Tlw iiulonisi bmnck 
rtjniiiiicd iippart'nLly tht^ purfeit lingiustictilly. But notwithstiijid- 
mg ditFcrenci^s th^ three continued itpi of one 

f^euUjr nation, bound together by all Uiat was mui^t iimiortajil in. 
their existence* 

The. further development of the KussiiLUi people to well- 

known history. They Inive not advanced any toivard tho southwest 
and west, due to the presence of other solid and stroiig' ethnic units^ 
csi^eoiully ilie Poles; bnt they have progret^sed greatly toward the 
north and especially toward tlie southeast aud coisl. The colonisation 
soiithward and ea.Htw-ard dates particularly from the fifteenth mi- 
turjj iifid Rjpecially from the tiaio of Peter tlie CireaL From then 
on wv sec an elcmentaiy, peace fid, und military advance of the liiis- 
siiins over the territoiy formerly subdued by the Tatai>:^ culniiiiating 
in 17S3 in tlu* fall of the Kriincnm Ihuninion, anil extending tn re¬ 
gions far beyond the original boundaries of the Stale. Expansion 
into Siberia, the |>opiilatiOii of which to-day is already inore than 
four-fifths Russian, commenced in tlie sixteenth century. 

The total niimlMT of Russians existing in 1900 amounted to oliont 
134,000,000; at tiic [>rvmit dale, judging from the uveragtr annual 
increa.*^’ nf the prupk, their number inuat be some where aliout 
110*000,000.^ , 

The regions ar tlie present day most thickly settled by Russians 
are the black-earth belt cast of Poland^ and Small-Russia, tiie least 
settled being non hem Russia and many parts nf Silic-na. 

The proportion of males and females is* in general* X03.4 females 
to each 100 males, wdiich is close to the condition nmong (itUer whites. 
But the birth rate h very large—IS per thoiiif^nd; the death rate is 
abo large* amounting* on the average, to about 34 per ihousand. 

PhysicalIvt the Rui^ian [>eople everywhere, barring isome limited 
localitica, are predominantly brachycephiiUc. In coiuplexjon the 
^lalorusi are, in generaL, the darkest, the Bielomsi dm most blond. 
The principal differences are observable, on the whole, U-tweeu the 
Velkoruiii and the Malonisi, hut even iliest' are sucli that to tui out¬ 
side scicritifie obst+m-'r Ijoth of these branches mirst remain parts of 
the same great Russian stein of people, 

TJIE I'UL.’kCI OR PtiOlS. 

The Poles con^^titule the principal western branch of the Slave, 
anil of them nlone b it fu^alble to say I hut from iinjiiernorial times 

1 Hi EhfiH tta VeEkvniiil ^ bj ■l>cwt U" !»r pcfil, I Ur Mflknuti b j 

27 Dflr «nt, Aflfl IUp RIcIOWjK! ty MH^ial 7 rM?r «rnt. KoEdcl {CW4ck), wlio m 
imrily flf Vrl^omp m1ul Rirtlj ot MkIotur origin. Uttl wUft In tb^ mujk E>r tltni? Lirn 
floquirwi iMUy liflblti dllTi^flnE froEa lhaut af ordladrj Ruutdiu, modIi, appraxlnuiti^j. 
a^^iOOU. 
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they Imve occupied the siinie territoiy, whicli is located between live 
Oder, the CarpathiaiiB, and the Baltic. They wein> always eitnated 
centrally as regairds the other .Slav t.riVies, and the Polish pliilolfi^sls 
are of tlw opinion that even the Iniignage corresponds to this central 
position of the [wople. 

But very little is known about the ancient, ettmograpby of present 
Pohmfi. It is only with the advent, of the ninth wntury that n llttlo 
light tjegiiiB to appear concerning these Slavs. Tlie boundaries of 
Poland, however, were then iituscltlcd, and the nation itself was still 
composed of a number of triliea or groups; nevertheless, the people 
were already looketl upon ns one by tlie neighlioriiig Slavs and known 
under the common name of Liachovn or Liachi. 

'r«wanl the end of the first millcniiim, tlie Poles still consistctl, as 
far as known, of at least iive tribes. Betweeji IHiO and 1025 the trilvo 
of Poles proper (Polane) succeeded in uniting all these groups, and 
its name extended over the entire resulling unit. The principal in¬ 
centives toward this untficatiun of the Vribes w'ere wars with tlie 
(Temmiis, following the subjugation by the latter of tho Slavs along 
tho EIIm*. 

Tiic tenacious struggles with the Germans, thus initiated, contintied 
and exercised n far-reaching influence on the entire internal and ex- 
tcrtiAl development of the Polish nation. Thoy re-Hulted in a slow 
tetirement of the Poles on the west and in their coritssiMnding expan¬ 
sion towBftl the north and the east. Disastrous events to the Poles 
in the thirteenth century were the invasion of the Tatars, and csjvc- 
cially the battle of TA'Utiice, in 1241, which, among other effects, re* 
sult^ in the tearing apart, of Poland and Silesia. 

Quite as disastroun as the above, however, were the continued, e.vten- 
sivc, and Intense efforts at germanisiation, proceeding from the west. 
It was due to these conibined agrucics that in the thirteenth century 
the Polish nation was almost at the point of dcstmciion. In these 
e.vireii!cs. however, there Ivecame nianifriiit a great liitemal reaction 
among the Poles, diris;tcd particularly against the opprcFsing Ger- 
tiians. This was aci-ompanied by unniemus politUTtil anil other suc¬ 
cesses of the mil ion, and finally, in 1410, in a decisive rictory of the 
Pfdes at the bottle of Grunwiild over iho tiennan Knights, the prin¬ 
cipal agents of germanixation. 

The jiTOvinccii, however, that were meanwhile lost on the west 
and nm^iweet, mold not !« regained, and henceforth Polish expan¬ 
sion was directed principally toward Lithuania and toward the east 
and soiitheasl int^o Riiiisian territotr. Tlie latter eventually en¬ 
countered tho opposition of the Ilnssians, leading to wars and strug¬ 
gles that lasted for esnturies, ami whicJl w’crc iinfjivonible to the 
Poles, resulting, with other circumstanres, in the years 1T72, 
and 1T&5, in the tri-partition of the Polish State. 
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Thcvse dondkiDiis hud of I’roiirse ri deleterioiia effect oo the Polish 
people, iitkd it was only their g 3 *eat inner %'italitT, coupled with iheir 
Iraditions and with stmng hopes for the futnreT that kept the uatiori 
from ahiiihilation^ and that eventualJj again strengthened, ajid uni¬ 
fied it to STich a degree that its destruction became impossible* 

The tcudentg^ tow aril the grrmaiiisialion of Poland, or at least that 
part of the cntintcr under GemwiDy, continues, however, as intense 
and active as even 

The total numl>er of the Polcf? living .^t the present date h esti-'' 
mated at approximately l^>,000.0(X). Of thrj^ number then? livccl in 
Rn^ia in IS>00^ about 8^500^000 j in Anstrin, 4,^150*000; in Germany, 
3,450*000; and in the I'nited States of America^ 1,500,000. 

There are still recognizable within the nation a Dnml>cr of terri¬ 
torial or tribal groups differing somewhat dialect3call}% but ethnic 
cailv none of these divisions can be constituted into separata units. 

Phyaically. tho Poles show i^Jx^eiaUy a close similarity witJr the 
Velko rod ( C J rtuit- Russia na). 

THE LUziCE (i^rsaiTz) SEiCnS. 

From the powerful biundi of Ihe Slavs who centuries ago occupied 
the ferritorj' ulong the central and low^er Elbe there remains lo-day 
only an inaignlheaut tiody of the sonailied Serbians in tha Upper 
and the Lower Lu#ice, 

The Ehxs Slavs, at the time from which wo have the first hiatqriral 
notices concerning them, that in the ninth to Uie tenth century 
A, D., coneibied of three large groups. From the tJ(n& of the first 
records these givnips weixj in constant and intense struggle against 
two fjowerfiil agencies, the Oerninns and the Roman hierunJiy. The 
inevitable result was Uiat they fell liefore such odds and V^ecome ger- 
manized. 

From the fifteenth ctmtuty onward wo find only scattered groups of 
the FjIIjo HIjivis* TJio tiiora northern example's of tlipse disappear 
gradually one after another, and the only remnants mirviving to this 
day are the .Serbs, settled near the northern bonndbirj' 

of Bohemia* The cause of the survii nl of this remnant was, t>esides 
other circiimst^inees* the fact, that Lii^ico ladonged for a long time 
to the Bobcniitm crown. The mi miners of the “ Luzicani are, how¬ 
ever, steadily diminishing by ahsc^rption. 

According to the German ?4atistics of 1300. there were still living 
in l4ui?2dtK 33,632 ^ Serbs/' who i^poko nothing hut their own 
language. According to oUier estimates the total number of these 

Serbs ■* at ittiiit date wos lietwoen 150|,0(M1 and 166,000 individnals. 
In 1310 the estimate was 20,OW less. As the people are surrounded 
by G^?^nanaT their complete assimilation with that people can only 
be a matter of a relatively short time. 
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An inten>-ting fmt is tbnt oiJiigmtecl T^u^ice Serbs have founded 
n niJitil>i*.r of in I he I Jilted Shit^, c^pecidlly in Texas, 

for oxiuiiplet Serbin, Wrst-Yewa, "^VaKla, BurlesoiL 
Tliu language of the upfier iind lower l>r?mches of Ihesa peoples, 
fis mentioned almve, diffeml to foich an extent that the two must be 
regarded as distinct dialeehs* 

TIIK J.U;UIEMfANS (fsciis) ANU 

The Eoliemlans and Hlovaks, also, are derived from tho western 
body of the Slavic. . ThA^loVaks can in gi'iiernl f^e t^egnrded ita a part 
of the same ethnic group, ait bough considerably seporaled by various 
conditions. Both pails nrose from a ceninion center suiurwhei'u near 
that of the Poles ami that of the Elbe Slava, to tlm north of the Sudet 
i^Countain^^ rc.aiching, perhaps, into Moravia- 

Tlie Boliciruatis olid Slovaks come to their present abodes frcmi 
tlie north poa^Lbly in one, possibly in ^^parato ways. Ilisturical 
data concern mg these facts there are none* but some light on them 
lx‘gins to rise on the hnnh of arclieolagical researches. According 
to the latter investigatioim Imth branchcH had i^ctt.led their respecti ve 
tetritorieii liefore the latter half of the tnilletiium B. C-, and 
honeo they can well lie rqgari^lcd as autocltthoiious in their tH:mntries, 
Linguistic relations show dearly that both the Bohemians and 
the Slovaks iieloitg to the same j^tem as the Poles, the Li a Rician Serbs 
and the Elbe Slavii, and that they expanded in connection with the:$e. 
Historical^ djita concerning the Bohecuians begins in the seventh 
century. At that time tliese people occupied a more extensive terri¬ 
tory than they do to-day, n^ncliing in plflcrts intu what is now Bavarin 
and on tlie siiuth to tile DunaiL 'I'hey iilao extemlcil fariLier than 
they nuw di? into andent Pannonia (Hungary), and the Slovaks oqcn- 
pied a large portion of the latter cxmntry, connecting in the south 
with other Slavs, 

As ell the other Slavic branches, so also the Bohemtatis were 
nt the licginniiig Fieparated into a Jiumber of mute or Iei« dbtinct 
gnnips. Among these the Cacliove (Cedis) exccled in nlimber and 
power, and, as with the Polaiie in Poland»the name of the group even¬ 
tually became rxtendetl over all the-other siibilivisions, barring the 
Slovaks, In tliy ninth and tenth centuries the word C^echove or 
Oe^i was already used in llie larger st^nsc, embracing the whole j>eop1e, 
Tlie territorial term Bohemi was in like sense employed even earlier. 

The naturally highly favorable and protected situation of the 
center of the Bfihemians resulted in a rsipid and auspieibus dove lop- 
fiicnt of the pc<ipJe, and had it iioi 1>een for some of sis riilers witli 
their foreign syinpathik's, the nation would have played an even moro 
im|JoHnnt role than it did among the Slavs and’would doubtless 
occupy to-day a different political |>ci5ition. 
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Tlip most detrimeiitiil pructidiire of some of. tbes^ rulers wtis ihe 
nolfmizfttion of pjidi? of Boliemi]! utiil Jforjivil by GeiroBntk This 
eoloDization uml conicmporaneoiis genminis^tioii continued^ favored 
also by the nobility and the clerg}% unHI Uie ftitirtwrith century, when 
it ivfi^ eheclced effcctufillj for n time by a rex^il-nion of the people^ 
tniinifcsted in pari in the wonder-inspirui" Iliisite wors. The pro¬ 
cess of fivirnunidation at that time extended even to tlie Slovaks in 
northern Hunjpxry, 

The Huffite (after Jan Fins, the tnnrtyrcd refopner tmd patriot) 
wars were conducted victoriously mainly imd^ the banner of reLigicji^ 
but at the same time it was a slrufrfi^le for Btihcrniiin nationality and 
against the invading GermnnsL As a result of thes^ warSy the Bohe- 
jiiiBti kiigiiagi" again U'Came the ofllciiil langiiage in Bohemia^ Morn- 
^ via^ ariil Silesia, and thm^ was a general national fejuvenation. 

The German waves, however^ could be stayed only for a time, and 
in the si-vEceiitli and piirLicuIarly the seventeenth centuries their cfTcct 
again l> 0 omiie manifest. 

The early part of the seventeenth ceiiturj* (1R20) marks the dis- 
ii^troua battle of Bfli^ IIom, near Brngue. Then followed a period of 
iiiLetiHc religions oppreiaion, confiscation of pi\jpeiiy, exile of tens of 
thousands of the best families, and tlie reijeated dcstnictive invasions 
of the Thirty \ ears' War^ idl of wliich left the Etihemian element 
greiitly rciliiced iii riiindK<r^ and on tlie verge of exhiiuHtinu, Then 
cerne further German culorn^nfion and more germanizatioa. 

Toward the end of the eighteenth and at Uie lieginning of t]ie niuG- 
ieentU century it seemed as if the Cecils were to follow tiie fate of the 
Lllw SIjlvs, Instead of this* howirivr* there been me mnnifesl a 
inarked and gmidiniHy giowiug n^awakening u[ the national spirit, 
attended with a purilicntioii of the hingnuge^ and not merely a tine- 
cessfnl oj>|x>sitioii to fiiitlicr gt^aiijini/aition, bni a alow iind continu¬ 
ous gain of old pijcsitiorks in all illreclions. 

A eetiturt^ ago il ^ieeIned as i f I he nation was doomed. To-day it 
sLtindK among the msist cult tired and imited, as widl intellectually 
ami indnjitriaJly prtMliictive, in the coinjjjtrt ^migth of nearly 
T.tKKMKKl, exclnsii c of the 2,ODO,IXKJ Slovaks in Hungary* The liisloiy 
of the pcfjfjlc from the fourteenth century to date reads like a fable. 
The Slovaks are siibjKrt to forcible magyiirizalion uliidi, with 
their environjiientt has retarded ihedr progress m all directions. 

The total iiijrnlKw of Bohciuian Slovak jM^iple in esistence in estU 
mated ut scmiewhaf over th(M10,OCX) iiidividiialH^ mid of that number 
at Icu^Ht aoOy^JU Boheiiiijms ofid 500,000 Slovaks live m the United 
States, 

There is a considcnible difference lietween the Bnhemiaroi; and 
Slovaks in educntiou. Among the fc^tmer the pen'cntuge of those 
able to read and write exceeds even tJiai among the Germans, and La 
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the highest (for larger proupa) in Kuiope ; among tjjo Slovaks, due 
to the highly unfavorable IcjohI conditloiiSi the jiercentago of analpha- 
bets ranges from 32 lo 4-2 per cent. 

As to occupation^ there are among the BohemianB 43 f>cr cent 
devoted to agriculture, SO.ri per cent to inilusLtr, and 0,3 [>er eeut to 
tranH|x)rtatioii, while 11.1 percent are in civil Rcrvicc, 

Tribal differetitiatiou itmoitg the Bohemiatw has to a ven- large 
estent disappeared. Highly interesting remnants of tribal differ¬ 
ences, however, are met with in numerous localities, as intlicated by 
dress and certain habits of the people, mid also in a few places by the 
dialect There arc recoilized three strains of these dialectic shades, 
hut none is of any spociul importmicc. 

Physically, the iioheniiiiiis are characterised by a good stature 
(avenge of uieii lettS, of women 157-1 centimeters) with a braehyce* 
phalic skull of, on the average, A cniuaiderable capacity (l^^eissbach). 
They are somewhat predominantly of a darker type, but blond ttJid 
mixed individuals and c-spwially these with lighter-colored, eyes are 
cjuite common. It is evident that the type is not strictly homogenc* 
OUB, but the differences are very largely only individual, 

TITR StJUrnKlAXB. 

The Slovenians are the northwestern portion of the southern Slavs 
and a remnant of a once powerful branch known at Slovieni, which 
at llie beginning of the Middle Ages spread over the territory between 
tile Pannonian bend of tlie Donnu and the Adriatic Sea, reaching at 
the same time far into the Alpine re*rfons. 

Nothing Ls known histcirifally as to the dote and circumstances of 
the first, appearance of the Slovenians in this territory. It seems that 
their penetration tliere had conuuenced at or even before the begin- 
ning of tlie Christian ern, litit definite proofs of this suppofiltiou are 
still hu’king. Wluit is certain is, that from the sixth century onward 
the territory Iteciunc filled with Slavs, and in the year GOO we read 
that they were then imporiling Italy. They occupied what are now 
the aoutheju half of Lower Austria, Styrii, Can nth ia. (rorissla, 
and Curniola, a-s well as a part of Tyrol and Upper Austria. Tliis 
distribution is authenticated by the topographical and historical 
nomenclature a.s well ua by a number of direct hiaturical notes regard¬ 
ing theso Slav settlenients* 

In the earlier part of their histoid', however, the Slovenians were 
subjugated by the Avars. They were liberated from this yoke dur¬ 
ing the first half of the seventh ccntiiiy, but during the eighth cen¬ 
tury were overcome in turn by the Bavarians, who initiated a 
progressive and long-lafFting germnnization. Still later, after the 
uivamon of the Magj'ars, german iaation was rapidly replaced by 
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mq^^arization. the C4iii-se of both being the preponderinee in numbers 
ftiid power of the (jGrinftnH on one side niiH of tlic Magyars on the 
other, over the SJovenians. 

Today the Sloveiiirtii territory is limited to CarnioLai, the northern 
part, of I-^tria, Gorissiu, and parUof Styria and Carinthia* with small 
regions in nortltnastern Iialy and in western Hungary. 

The total numlit^^r of Slovenians is now only about of 

whom about 100.000 live in the United States* 

i?mOATIANS ASO SESBIANS. 

Croatisns and Serbians arose, with the Slovenians and the Bul¬ 
garians, from the ^jotjlhem main Slav stem or division. They formed 
at tlje l>cginnirig a liiignistic unit, which did not become siepamtetl 
into two parts or two nationalities until during historic times. Botli 
of these Hithough aware of their close rehitionj t<j-day defend 

a nationdistic individuality. 

The condhiniis lending to tlie separation of the two brnnehes were, 
as elitowhere, territoriaL tribal, and dialectic differences. The orig¬ 
inal IxmIv al first consi3te{l of a ecries of tribes belonging to one 
linguistic group, but dialectically slightly differimtiated, which cx- 
paudetl from their more northern rrudle, near the CarputhianSt 
toward tliG nuiiitii and heyond that to the Drava, S^va, and farther 
on to thr Balkans. It was only in the latter regioiu wiih the Balknii 
Mountains presenting lx>undarieis difBcult to traverse and hence iivi- 
peding ctuiimunication, that some of I lie stibdi visions beLi^ine ae|)a- 
laited and further differentiated, leading eventually to the present 
grouping Into two nation a lit lesi 

In the northwest and we^t the original segregation of the trilxs 
gradually gave rist' to the Civxitiaus, while the more eastern group 
ia^canie the Servians. The Croatians led an independent political 
pxL^lerice from piobably early as the Reventh century until IIO?, 
w'hen the Croatian Kingdom fcwame attached to ITungary, with 
w^hich, in 15^2B, it licoame a part of AiLstria-Hungiiry. The Servians 
were organi/^ed us a separate political body aomewhal biter, betwi^^n 
the ItHli find 11th centuries, and retained their independence until 
after the battle with the Turks on Kosovo Pole, in after which 
their territory w as made a part of the Ottoman Empirf^. 

The Turkish subjection of the xSorviims resulted in the emigration 
of iimssr-es of the Serbians and also of the Croat is ns nor! h ward into 
southern Hungary and into other parts of the southem portion of the 
Austrian States. 

At the present day tHe Croatian^ arv f?ettled entiirely w^ithin 
boundaries of the Ausitrian Empire. They orrupy parts of the 
coast land and Tstrin, portions of Dalmatia and Bosnia, and eiitinii 
075:8’'“ BU lOio-30 
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Croatia. in nddition to which they are found in numerous localities 
in southern Himgatv and in Slaronia. 

The nudeuB of the Servians rests in Servia and Montenegro* whence 
they extend to Bosma and Herngovina, now annexed to Austria- 
Hungary, to parts of Dalmatia, Slavonia, southern Hungary, a^d 
to norihwesterti Aibanin jmd Sfaredonia. 

Separate statistics of the two nationalities arc not available, 
Tf^ther they numbered in 1^M)0 approximately 9^000,006 individuale, 
of whom somewhat more tlian 3^500,000 were in Austria-Hungary, a 
little less tliao 2,(X>0,000 in Bosnia and Hers^ovina, 356*000 in 
Montenegro, 2,300,000 in Servia, 400,000 m old Servia, Macedonia, 
and Albania* and about 300.000 in the United States and elsewhere in 
America. 

Both die Servians and Croatian^ are predominately agriculturfirl 
people, the percentage of farmers in different localities reaching 
between 80 and fO per cent of the population* 

As in all the otlier Slav branches* so amnng ttie Servians and 
CroatJims, there exist a numbor of sc’condary groups, differing from 
each other dialectioflily; but none of these interestiug divisicmjg is of 
great importance. 

From the anthropological standpoint the Serviomn as well as the 
Creations, are predominantly of a darker cornplexion and are 
strongly brachycephalic* 

TttR PtTLOABL4>iS. 

Tiie last Slav nation which resiilted from the differentiation within 
the Bontherii stem nr main division of the Slavs, ore the Bulgarians, 
who to-day live alnsost. exclusively on the Bi^lkan Peninsula. 

As was the case with die other iirauches of the southern Slavic 
fiivbqoii* the Bulgarians had tlieir cradle much farther to the 
north, some where above the Carpathian ^touri tains, in the neighbor¬ 
hood of the Russians* From these regions they had already Ijegmi 
as early as the third to the fifth century A. D. to penetrate tow^ard 
the lower Doiiau, and in the sixth century they reached the Ealkans. 
At thie time and even during the seventli and ciglitii oenturiea of our 
era, the people consisted of a considerable number of sepurate groups 
more or IchS loosely uni ted. 

In the year 070 there arrived in the region occnpiotl by these groufh+ 
a i>ody of Volga Bulgaria, qf Turkish descent. These invaders sub¬ 
jected the nearest 4tf the aforejnentioned gmiips, united them* and 
$=ubseE|uently the union extended to the remffining iSIavs in the cent ml 
part of the iienintniln. 

Thfi Volga Bulgars vcjy soon beentne nssimilatvd jjito the Slav 
elconent sincJ diiia|)i»are(l hs a. sepamk* Imdy, but they left their mime 
to Ihe united ticiT people, In general, it iu«y bo said tlmt the Bulgnrs 
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were always Slavs, altboiigh they snfFerect a considerable admixture 
nf foreign elements. 

The Hulgarian Kuig^lom dtjring the ninth and tenth ccnturie^j had 
spread over a large territory. It carried on numerous wars with 
the Byzantines on one hand and the Sonians on the other* until 
the time of the Turkish invasion. In 139'B the battle of Niko|M?le 
nisulled in the forcible siihinission of Bulgaria tn the Turks, a siili- 
mjKSJoii lasting until IBTft, when, with the help of Buesia. the country 
again gained tr limited freedom. In Bulgnria succeeded in 

regaining a Iafg« pari of Koiinielk i and recently, tui the occasion of 
the Hnnexation by Austria-Hungary of Bosnia and llerzegovinat and 
timt of political disorders in Turkey, Bulgaria again attained com¬ 
plete independence. Ti5-day it is the strongest and most progressive 
nation of the Balkans. 

Throughout its history, hnt eKfwrially ilnring and even nfter the 
Turkish otxupation, Bulgaria has witnessed many internal nmve- 
ments of pnpiilutiou. .Vt present the restlessness is confined to the 
Bulgarians of Macedonia. 

The iotal number of Bulgarians at the present day e.xcceds 5*000,- 
000. Of thcjse approximately 3,000,0000 reside in Bulgiirin proper, 
1,^00,000 in ilacedonia; 000,000 in other parta of the Balkan Benin- 
stilrt and Turkey, 180,000 in Russia^ and about L(JO,000 in Hoiimania 
and rJohriidSa. In America^ particularly in the United States, the 
Bulgarians it re reprcHeuted by only small numbers. 

Exclusive of groups belonging to other nationalities which are 
settled in Bulgaria, the Bulgarians^ themselves show an internal dif¬ 
ferentiation into three principal s^ubdivisions, differing 2 ?omcwhat. 
dialectkollj" and in other respects. Xone of these diT.’isions, however, 
is sii(lielently npiirt from the body of the people to tiiake possible any 
actual Kepamtiun. Be.sides this, there are met with in Bulgaria (as 
in 8ervia) many Iwal nsPH^s of groH[)«, with no, nr but very litile, 
ethnic Hignifinitice, 

Fruin the anthropological ^itand^annt;, according to the mt>sl reli¬ 
able data, the Biilgnrifiiw ure stunewhat heterogeneous. Tfie typical 
Bulgarian U of ziiedium height nmtimeUu^ for meia and 15(3.7 

contimeterji for womenanil predominniitl)" dark (otl per cent dark, 
5 per cent lights 45 jwr -cent mixeij i-oinplexion). I'he heud is pre- 
donviiuiiitiy me^>cephnlic, vfith a rising proiwrtion nf bnichycephiily 
in the south weaitern part of Bulgarin and in southern Macecloniii. 
DoUchocephulic foniis appear in parts of s^aithcrn Bulgaria. 

Regfarding the Hlavs in Moeedonia, there is still a difference nf 
opinion as to wlictliPT they are nearer the Bulgarians or the Servian!^ 
or whether they an inilefieiulcnt Macfaionian Slav people. 

A^thc matter is coinjiUcaled hy [lolilics, a tfontiiuirttion of the discus- 
sion must be cxpcci^^- There is no doubt liiat a large part of the 
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MHCf^doniuJi Slavs feel and pnxilaiin ihemselveti; to be Bulgurians^ 
and also that the dialects of the j>ooplc arc nearer tlte Bulgarian lan¬ 
guage than the Servian^ with the exception of the northern part of 
the region, which in torn is more Servian. 

OONCLrOl NO RE^l ARK*?- 

The Slavs are of contral Enropertn origin and of the same descent 
as other Indo-Eui-opean or Aryan whites, thotigh in some regions 
they have In the conr^ of time become mixed with other eleiucobs. 

The total number of Slavs at the ch>s€^ of the yeor 1010 may be 
estimated at about irdhWM.OOO to 15TjOOO.OOO. In this number the 
RiiiiLsians are representetl by nearly 70 [>er cent^ the Tholes by IJi per 
cent, the Eolieininti^ and Slovaks^ by a little ewer 7 per cent, the Ser¬ 
vians and Crotttians by a little less tl^nn 7 [J^r cent, the BnIgarmiiB 
hy al)oiit !ij per cent, the Slovenians liy a little over I l>er cent, anil 
the Lu2ice (LaussU/) by a Uttle over 0,1 per ceiil. 

The stiX'k is in genemi a ujiinridly xvelbprcservixl and sturd}^ one. 
The iiiuari annua) increase in auiouiits to about L I jit-r iient. 

Amlirt^poiogicHlly, the Slavs are diaracterbsed by a mEJjilly rounded 
iKHad, gfH)d cranial capacity, medium stature, and a phyaicRl 

developmeiiL In coi]i[>lexion thiw rniige from brunette to blond, the 
former predominating among the southern Slavs and amosig the 
ilalonissians, while blonds an? more luimerous nnioog the northern 
jjarts of the mid especiiilly among the Bielonissions. 

Cidturally, mnnerotis parts of the people are as yet more or ie8s 
reUinled, due not to any want of natural abilities, but to lack of 
facilities of education, and in oppiTsshm. 

Tliose Slava who emigrate, particularly to Kortli America, become 
generally (with the exci'plion of a certain pt-rcentage of the Slovaks, 
who ret uni to their families) completely HSfiimilated with the indig¬ 
enous population within two gimerations. 

Notifi—IVflf. N(i?4eNe'i work TOtJtjilBP dSlty Pfwcliil drCnlTp «ll1r^ ♦'ould not wiill V* 
Inclii^E^ In Lhli KlwtrdFt. thir ti» UmU nf itpacf, jiUll In clvvn Hd vKleDilve hlhti- 

oKTmphj' rirlilln]; to ttie difff'rrtiE briunaiM of-1 hr for which the rrrti3<^f 

mUBiL lit rflemd td tbd ^Eit^uUr 
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THE CAVE BWEELINCiS OF THE OLD AXD XEW WOBI.DS. 

IWttb It iitntes,! 


By J. VValteh 


In L'OriKiilerit^ mmy fiuitnble for n pn^fli^lentinl midrt*?ts 

ihal of Cave Dwellings of the Ohl and Xew Workls'^^ Lins 

^eriKHl to me thiiely ns illustrating certain asijecits of culture history 
that ore only vaguely compiehendetl by those iinfaniUiar with our 
science^ ftod often overlooked by professiotial lUithropCilogLts^ Tlie 
cnubieii me to c^d] uttetition to the intimate roniieiftioii e?:istLiig 
between Jibtory and gta^griipjiy^ and to lay l>efort‘ you data Ijearitig 
Oil the theory that culture MituiliLrUiibt in distant lariik an- due nut m 
fniich to derivation a.s to it mentiil unity on itcvount of which Ivlim^n 
tliouglits are similarly affected by a like environments Tills snbjtK’t 
also bringa into relief signiticniit limitations of the theory that cul' 
lure deveinpmenl. is due wdiolly u> external conditions, widle itiu data 
here presented show theexbdonce of diversities in culture which have 
apparently no relation to tlmse conditions. 

There ta nothing produced by the htunaii mind and Liand that, 
reflects individnal and racial clianictei^ more acrmrately than man s 
habitation^ h is a far-reaching othnotogical hiiv that the Lioiise is 
the nitMt truthful expression of the mind of the inhabltiint i mitunil 
mall in constructing hSa dwdlinga mmt avail himseLf of the uiatcrkl 
which is ricai^st at hutid for thnt piirimst^ 

It is i^>nveiiient for pnr|]Oses of study to ivimfiiier Liuman liabita- 
tioua os arranged in two series whidi are not necessarily Igt^ul lines of 
evolution—liouscs of wood including thoff^e of sticks^ liarb, giuss, 
hides, anti those of stone einbrating earth, elny^ and tlie like. Our 
subject h especially concerned ivitli the origin and development of 
the latter. The aimpleid kind of ilumblc house or shelter Is I he cave^ 
the choiee of whicli for habitation generally leads ii Hi mutely into 

■ PMMcatliil dL-UfvlYd thv< Aa tbropolD^loil Socti^ijr of W'mIi mgion. 

April It, leiDL Tbli niMrpu Wii acccHii|lHDlnl itFreuiil liM^n rMwil ItlUHtrArlfif num:? 
of Cbe polQU p»HEit^ Thich ciJi not i?prodT]«d am iJluAtrAtloniir 

Ec^prlnt^ bf c^rrmlai Ecja fnm Aairrlrjiit Antbn^^Laflit, wl. 12, Xck S, 
laia. 

ttia 
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pi^maneiit b5li'uctuiws. Tlifl pavo ns an element in Uio history of 
human habitat ion is conditioned in its inflnence by it® freckgcnphical 
extension. 

Von limy have noticoil that 1 have spoken of tlie intimate con nee- 
lion of history and geography^ and it ma 3 ' be added lliat in using 
liiu former ter to 1 inolnde in it both ethnology and archxeohigy. It 
to jiii' that the lime is exaning when Llis; s«!ieiice of history will 
Tjo lujigiM’ he made up solely of de^Horiptions of past ev^nt^u evim when 
iiuiailing within its ken economics and institutions* but will embrat^e 
a study of cidtiiral life in its liroadest Eignificance. The time h not 
far distant when the discoveries of the ethiiogrupher will enlarge the 
seo{>e of history, so that this j^ieiiec will endiract* nil forms of cuilmx?, 
among all men, botli low and high in develojiinent. Ethnology is 
destined to infir^e into liislory a nieaniiig more comprehensive than 
it has ^^rt hml and to bring into shaqjer relief the relation of cultural 
life and giograj>hi«d surroundings, 

lluiiiati thoiiglit, iia expn^ssed by iimierial cultute^ laugnage, lUid 
l>elief^ is inikditied to u tt'rtain extent by survivals of past eiiviruii- 
fiiciits* In early wmlitions this rnoditication waji strong, but later, 
whcii man had obtained greater cfontnd his surroiiiidings, ex- 
tertial cojiditions lost some of their [Kiw^en The character of prifni- 
live habitations is perhaj^ iiion? inllueiuT^^.1 by environmciil tlmn any 
other product of man’s intelligence, but even in them we find surviv¬ 
ing traces of fonner eonditions.^ The effect which the adoption of 
i^jivefi as habitJitioit-s has had on the amstruction of buildings within 
them illuE^ifates ibis statemeuL Original!}' caves were souglit out 
for protection froni tdements, but Ln the course of time, possibly from 
COtiservaLisin, man wntinued to construct buildiugB in caves and to 
live in eavi!!rrj.s long after necessity for them hail ceased. The fact 
that notldng of man't* manufacture is more profound]}" modihed by 
envirotuiienl than }iLs liahitation gives to caves or cave tlwelling^ a 
great il^pa^t^ll^x^ in the study of the interrelations of hisfory and 
geography. 

Tlic reiison tliat led man originally to seek caves for habitation 
was a desire for shelter from the dements* but not so much protec¬ 
tion for himself as for others—for his offspring. Cleaves were earW 
u&cd for the hiding away of food and secretion of other proi«irty, 
as sacred images and ceremonial paraphernalia, for burial placed, 
and as f!haiiibers for the yiorfomiaijce of ^^cred rites. Tlirir use for 
liiibitalion was Ejecfmdar}-, the primary' motive being mainly altruistic 
the same ad that which leads (lie in^t. birtl, and manininl to make 
their nests* 


1-ir.^t or laa ret^tloQ or terza^r ^tlraiiTn.DU 

rihiild oot Iwowriookrt. u tUM- It bKumi^ tmn kwI mar* 


DflOr* i-t^ eqofb olMan^. 
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As on(> of th(! hw cfsifts timti sbiires with jniimiiln b rUii building 
hnbit^ it is naturail fiir sib, on the very threshold of the subject, to 
consider the inilueuce of envin>Dnienl on lower inlelligcnces as 
exprussed by insects, birds^ ninmm&ls; or pedirtps it unghi be better 
to say the study of the hiibitutions of Idwer animals slionld go 
Inind in hand with thtise of naturad miin.^ ^Vc are immpdlately 
informed (Iml the bird nets not from reason but from inherited 
habit or hrstinct. The first swallows which built, under she eavi?^? 
nf a housii or in a chimney of the same singly had no mherifced 
Instinct to guide iheuL This clioici? was eertainly not due to fomirr 
teaching in the site that has inherited, hut to an independent. 
iiHe of niiitcl which ix^^ogTilziMt the adrantuge of a new eiiviroii- 
mental coiiditioii. It does nut seem iinre;ki^>nable to suppose that 
the birds that biiiU their nests under overlninging clilfs dkl 
so for the s^ame n^asoji that men Imilt in similar pIsuTes, Both bird 
and uuiii mw that the laiees were udv^iintageoiJsi for shelter ami bn Lit 
mreiirdingly. 

The. cave BW'alluw builds its nest of available material, as stones^ 
ebiyr and twigs. L a photograph slmwitig one of these iinimal 

cltlf dwelbiiga which indicau-s how close a paralleliatii can lie traced 
in tlie choice of a site and material for a buildiiig l>y Bnimals and man 
aa dt-termined by their enviroumeiil—a most fascinuting subject to 
which 1 can give onl 3 '^ brief mention at this time* The outcome of 
die coinpari5*on b that therfi appears to be a general psychic law sJiow- 
ing identity of thought among anlniab and men in the eonstnietioii 
of buildings or nests where available nniterial and geographical con¬ 
ditions are the same. 

Life in caves pa^s tiaturally into one In permanent houses of 
stone or clay. If we follow IfaLsel in his conclusion that germ 
of stone architecture'^ arose from *Mhc hahil of dwelling in cave^ 
widcl}^ spix?ad in primitive times luid not v^et obsolete,’^ then the 
getigraphleal distrihution of caves hits largely determined rhe sites 
of monument development and consec|nenth' of civilization. The 
eflert of stone huildings made by one geiiemtion on development 
of the culture in the mxt and subsequent generations is very con¬ 
sider able, and the per|jetua1 existence of inoniimont^ is a coutiniial 

'Thl^ IfhtOt **uiitul«i of rCKtt^pQmtETe pgr^bolmgr." n* poliitiHl out bj- m. 
TUeiTflf In Tbi* AlhoHnln tABtf. 20, leian of Or U. C. HoCoolt'B AtU Commuattlw 
And haw they GoTorninit “irUl tram th# prlinltlTi< tiuiuin ln» ta the 

cnnovptlonH. of otber oalmali. Ijrut cooln^vts miut ncul Ul? AlEhon^ 

MuinEwhnt fni^l^q to idbjfrrt fho followln* rconioinil Dr* Coe* oia tbif dlii!ovcrj 
of n itor? in iiii aat'i 0€«t S r»:-E drvp li IsfltruoUvrj 

wha nrv corlooi io kqcls mi^ht Anil frouaiJa b?0> for u ilJ-t^aE 

pomllel betiFoen tie of an ant Ihree^lK^bu of ild laeb bErh i.iaa^] n.wl ut 

K- ttiou l70 tEiij-Ok 00 blgb (5i feetl. W^r? wi* lo reokon unb a prDparTlaimtt mie of 
pTOkripn b^twi^trtj the two on the NliEi Of belitlitT opr uiAU WOold hare to bo chKUted 
with ■. ■tOrldl BtrPrtnrfr l,4Ca ttet ileep." 
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stinuilus acting on tlip raincl to it hi pas^t liistoi'y awi crejito 

tt pride in former adilevemcnta, Jt is self-evident that a race^ eiich 
generation of which buUda hoiisea of perishable Qiaterittl^ leaves 
little evidefictt of its past historyt and whenevor the creatioiLS of one 
geiienition fall ifiLo dt^j in Llm nest there reinnins nothing to 
which iniditluii niay point with [jride. If the past inlds nothing 
to the j>ivsent u race progresfs in not possible. Stone habitatioiis 
liecome moniimenta and endure^ not only serving m iin inj^pirntion 
for new endenvor but also seem ing lasting tncMiel^ for future gen¬ 
erations, It is on these' atvoiints that the limits of artlHciftl tave 
habitat ions are almost always the same as those of higher humiLii 
cuItuiTi historic and prehistoric.^ 

Caves showing evidentiea* (if habitations are widol)' distribuLed 
geograpliicallY+ Beginiiiiig with Cl i in a, u belt of (uve dwellings ex¬ 
tends across India to Asia Minor ami Aiabiin follow ing both J^horea 
of (lie Mediterranean^ conuntiing into the Can nr}' Islands,, the Wi^st 
Indies^ Mexicoj Korth and ^mth Aiiierica. UMierever geological 
coiiditifins furnish a nark that eiin readily be worbocl inb> suitxible 
caves there are genera I ly found mins of stone huildiiigSi and where 
theae exist there we nre almost sure to see other evideiices of past 
cnlttm\ 

7 w'o lines of architectimil Rvolution reach back to the c^ive as the 
original form: (1) Growth of a building within a natural cave^ and 
(^1 evolniion of a building from an art i lie in I ntve. While nut n ml 
cave>: nius^t iheoTOtically have foi’meti the earlier shelter, we lind^ 
wlieii the charucter of the rock iierniits. that uriificial cavea weiv cun- 
structed almost coritemjioraneoiJt^ly w’itli llieiii, 

Ihe ut^e iA iJiiniiKlilivii imtural cxiverns fur shelter can not he con- 
>idercd at length at this lime, but in passing it may be p>inttd ont 
(hat, while mA liniitinl tn any one gwgriiphical location or climiitic 
condition, tliey am necfc^rily found under c-erlain geolngical cotidb 
lions- Exisling IdstoricaU legendary^ and andieological U(^-counts= of 
human habitations in natural caves of Euro|:ie are very nutncrmis, hut 
no estettsive literature exists on llie mitiira! cave man of Asia, Africa, 
and America. The lUssoeiation of huuiari remaitts wdth eUoh;^ of 
c-xtmei animals in Eurojjean eaves carries the antiquity of man into 
late geologioil hnraations. The limited observations on Xew' IVorld 
i^ithi?r than the poverty of tho subject makes it dilGcnlt^ almost 
impossihle in fact, to institute tin tidequutc ctmipurifton uf the culture 
or relative age of the natural cave man of Ameriew and Euroja?, 

In order to show how IHlle work lias been done on this subject in 
Aineritrfl. ht me call your attention to one of many exampl&s. At the 

itluxhpr eoUunw wllbMt p^rmvivut IwbUatJjiMaK or *dia«« ij alniMt iomh 

^tralflis ”■ 

MVhl Uoyil DiwltltiB. Cai» tIui3MiL|Cr oh Ihv vw^Arn.^ 

tbr Pirlj- laHAbUADTi l^ndoiL 1S71. 


TS»P«HtiU|r 



mVELLIN<5!B— 


617 


close Ilf the fiftconlh e^mtury, when Cnhunhus dLscovcred Aiiicrjai, 
tl»en? were cave dwcllei^ in ceilahi of ihe West Indies* which 

were meritianed in tlie writiiigi; of early his^oriiifL^, The people who 
jnliiibited the greater poll of Lliete ialajiclii were dwellers in the 
open and hail uttajned a emij^identhle rulliirat eknatioii tis shown 
ill the polished stone objects called ""collars'^ lUid tliree^iKiiikLed 
idols or Keinis, The gerJii of this cnliiire e4Jme from South America, 
In addition there were settlements of Caribs who had inignued north¬ 
ward fnim Somh America along the Li'sser Antilles as fur ns Vipques 
Island and the eastern shore of Porto ilieo. It woidii appear from 
history that there were at least three ilbtinct stocks, indicating three 
kinds of euitnre, in Lite West Indies at i\m epwdi of discovery. The 
first and mitsi primitivo of tJiese three were the cave dwellers^ reiii- 
iiiiuts of an aboriginal |MM>p!e onet? spreLol all over the W’esL Indite, 
hut at that time iiihabjling tli« western ends of Cuba and iloiti. 
They were kiujwn to early writers as the (juanafaatibibes,t and were 
said to have been low' in eukui'Eii development, i>osscsaing a characier- 
istie idioiin their livelihood being obtained l>y fishing, hunting, or 
gatlieritig wild fruiis or rtiots. ’FSiest^ apparently hud not yet bocome 
an agrieidtiJral |>eO|jk\ and had lio knowledge of how' to prepare 
cassava froin the puisoiioiis root of tlie yuca. 

Tilt* exL+teiice of tliis race of uatiiiwl cave dwellers in the West 
Indies has long been known through legeuils extant since the time uf 
Cidumbus, Eoiiian Pane, the ohlehrt folkloi'ist of the American 
Indian::ii, hi one of the legends of tlie natives of Haiti referij ineb 
dentfllJy to their former life in caves— a legend w’hicli wns no doubt 
founded on historie^il fact. It is known that some of the Eiiiltian 
caves w’ere inlmhited by man at the discovery of the island* and ive 
muj infer that these troglodytes were survivals of an antecedent 
epoch, referred to in the legend, when the uborigiiieH of the island 
Wdu rave dwellers* 

Viliile* Li^ seen from the abo\e remarks« evidt^nce drawn from fcilk- 
lore snpporiii liLstoryt the archeolcgiind verification has yet to be 
gathered. Oiir knowledge «f the chureieter of Uio West Indian rave 
culture is fmgnientary and can be greatly enlarged by systematic 
e.vcnvation of the caves of Cuba, Haiti, and Porto Rico. Skcletu! 
iwiains which may l>e referred to the cave men of Cnim have lienn 
investigated by several Cuban anUirepologists, who have regureltnl 

Mb Cuba; Uielr pnjflncfr Is Hi.lt J wa* ciUba QaucirimB. Tbp itrortur^ 

nillPil In Ihv UIe of Pldis behI el«!wi)?rr lb n'witirn. Ctitm mny tjiTt b»p 

mid^ bjr tbi preliktorL^ cavo dwcUu* of CuMi Tlim ncUabOt mtv kirxe carlbera Jan, 
ip[Mn*Dtl 7 fnihloDHl Dod bake^ In plaw. Hlllag a laol« C Ifft a-n?p, vllh rim ii;Vr| .witli 
tt3« wjrfai* of Iht pm»iiiiiL A44lUOQill Plculr la n&cmViTy to dflarralfio fUrlr *b 0 and oifr. 

Jfom— A oinfEil sludf of of t&oaa oBcImhaa Ip JUty, 101itioiFrO flut whlU^ llwj 

ore fticaost imir^raallj atmorn] Uko jon Uialr iraili vm not of (Joy iMitnl In pImWp aa 1 
Imi] b«o Loform^H bcl cnado of nuLioorr ploatored or Bxcarairfi In aoUd rtwk. A ihlo 
or tar on tholr ald^i aot) ntum vema to Indlmfr thay mr « uanl pn for 

torpvnilQ^ or tar- Tbolr ^nsiru^no aa woU la ibtlr lw la aim doubiriiL^. W_ F. 
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ibtm Sis amozi^ tliii uldtst in AiiiericB. A wmpiiriaon of thu tiulture 
of those men with those of Europe would be very irntruttive, 
but it is Tniirdfeslly impossible considering our limited kntJW’ledge of 
the former. Here is ati opportunily for the study of cave tiicn at 
our very door, piocticnUy within our domain^ which offeis a most 
fabcinatJiig Held rich wjLfi hiirvest to our blslnr’mns, fulklorisLs, and 
ardiKMilogi 

A comparison of uriiliciai caves and buildings constructed in 
ruttiiral caverns in the Old and New ^Vorlds is much easier to mate 
tbiin that of the iintLiral c?aves of she two hemispheres on accoutit of 
the rtbuiidanl knowti materiaL Ihjth America and the Old ^V''u^Jd 
have an extensive literature of artificial caves used for habitatiosrs or 
nalunil cavils sheltering biiilding>^ of size, Hbtorieally spi^aking we 
have Utile in format iuii regarding the life of maTi in urtiHcial caves 
nr in buildings in natural caverns in America, but this tack luay be 
supplemented by the eontributions of aixihp?olog}% and our knowledge 
may \>i* enriched by a study of the folklore* of the Pueblo Indians. 

In addition to legends capable of verification by ardia-olt^y, the 
Hopi also have otheTs less definite which, although vague, are still 
us worthy of 1>elief as thnse dealing with the period of hitrtory. if 
tukcu sj'udiolically. Pueblo legends all agree that the bn man race 
orginated in an underw'orld atul climbed to the surface* w'here it 
now dwell St throiigti an Opening which the tlopi call ‘'the Sipapu.^ 
A compai'ative study of these stories utnoiig dlffcnmt pueblos revcul^i 
the fact that this emergence opening dofci not ulwaya have the same 
position^ creating doubts as to the aiitlieiiticity of the location of 
Sipapii aiul nvising a ?mspicion that geogiiipldcally it. is not to 
taken iiterallyt but vnries with the dim or larger gi’oup. Jloreover, 
the legend, greatly ol>scured by esoteric and symbolic interpretstion. 
may Indicate a local prehisturlc event* tl is usual to interpret ^the 
Sipapu asi tlio original orifice of emergence common to nil members 
of the human nu^et but It is worth while to coni?uler whether it does 
not soiiietimefi refer to the passage from u previous cultnn?* If we 
interi}ret the underworld * to be a prehiaioric underground habitation. 
we ran bring several facts of archeology and ethnology to its support. 

I Mr, j- N. a., HcwlW tarn kIh eallnl Wf ft«roUrt±i te llku folLDwlEHf cm nn i^it 

maa bj lie I'lile ™r wh^t l« WUIl*Biali-drt. ru.: S» Tl^inpCUiU^lpi SaMlMl 

Am-n m dm c^Tcroc* i»iif tlrlTrtiiJtii ditr l-ii pnnd# cb-Blffnr" 

cTliK* lK#mdp o| 1130 Ufti (j^I A^iffiLp -L^f tlM HopI ?lv.b* kb ihi cIlB homiM thi? NA.TBba 
MktidDBl Moouini^al. puuiblr u to th9 ilfe rtf these cLIiT iXVrtlllELfCB, Bn ms 

iHfEfi HP Uielr life In nnj riUii Like Airpld^bl, Icsendi do DCik 

eilWkyn rof^r liiitorlc iIiebA bul ofU'ii tiuLLL'«le ib# laditldiiiiJ etur dwellLqi trace Hi- 

tiabUfrd cLiflP, ae lhp#«^ Ln the Whlth well Into tb* hi*- 

[ortfl nrriwS, altlwiakh 041 fworVM in bLttrtllcAl d4<rt4aipiit* 

I Or Ike pr«™l » anl^nikl Sip^pfl cbhj brnre hmn b ipen*rtil ItatJon ft^in 

unnsW Jo€k< hlBlorlrtl icrtKinr tie pu*4(;e at culture frqca the oun to the open 
* awilllas^" 1“^ ■* ^ KantULiM drtlcD»ted - iinderfrudod lubitBlhuu," 

i^efrr»a to thr^uk^^ol Uiti IcctHtr ps* aUled la hot nol IdeDllirnI wicb cliff dwelllQiri Attd 
Cliff dweltuiB are wf tWfl- klndi i CiTkU tVOini or those Hruacpll;^ cieJiTiteff In 
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There con hiirdly be n doubt thut Lhe renmte uncisstor of tins clilf 
pueblo wd-H nn mhabitont of a iiaLural i!Hve^ and that the oOnfdimciirUi 
nf an artifiojnl cava aiicl a pit dwclliiig wiPHi also early in time* As 
man devetopcd Into a masjon^ ha cnitgrcw the riJin-inv bound^^ of a 
cavern and, erecting buildings in front of artihcial caves, rele¬ 
gated the latter to storage or ceremonial purposes, just as in certain 
places in Asia Minor oivte are granaries and have houses in front of 
them which are inhabited. 

Knowing as we do early man in Europe inbabited natund 
caves, the question naturally arises why there is u total absence in 
Europe nf brg(» villages like the great cliff houses of Arizona and 
Colorado. This^ is partly due to the limited size of the caves, for 
there arr no European caverns suitable or ample enough to contain 
large villages. The step from the cave dwelling to the const ruction 
of stone buildings iti the o[3en was an early one and was probably 
brought about by overcrowding. After tbo population of the ciavc 
had outgrown its limits two remedies were po^^ible for accouiriiochi- 
Lion of the increase. Crowdinl out of cuvts by enlargemeui in num- 
Ijerp, man was foriNi^d either to build rwms in front of the cave?, he 
had excavated or, cutting free from the cliffs^ to construct an inde¬ 
pendent house in tJie plain or on the mesa* 

It is not. unlikely, also, that bi some iu^^tances he first inlmbited 
pit dwellings or habitatiotn^ underground, ^^uch sifiiple dwellings 
as the*M5 wen> not unlike some luicient alwirjginal habitationft of Cali¬ 
fornia or (he earth lodges in the plains east, of the pLateati; region. 
Tf wp regard the so-called cava to lodges and the pit dwellings as 
primordial dwellings, much that b iucomprehengible in clifF-dwcHing 
architecture can be readily explained^ 

Although numerous examples of pU di^ellings in tjie Southwest 
may be mentioned* the Old Caves near Flagstaff* Ariz.* are among tha 
be*t representatives. A visitor on approaching one of these habita¬ 
tions first oteerves on top of nn elevation broken down walls of one- 
storied rooms forming o cluster, the ground plan of which would not 
unlike a checker board,* These walls, couirtnicted of lava biock% 
gave to this cluster of rooms the appearanc!c of a small one-storied 

the wmUA cUa^l eElU fllff tiOhnvi^ or cltff po^faloe^ botuee of vlth itiJIjl Imllt Ml 

Tuimral cuTBfl, There !■ of ronr** no elrlet qf deue^Fkattcin hetwi««D thUAr ULITereal 
tjvem and aonit eetttementi ere «»rapq«!Ei^ qr iwq or more klndj qf 4i^elUaffi. The pit 
dpreltlaiDt |H^]qiig to A dlittflift of eqUEhiveetem mlae, In clKT 4wi>IUngal 

and prijqipioii i[rf the ■uhetemziu.D earrpd room or klim- 

IfalDlni nl prlraltlre dlui Into a ttmMqa WHm rapid vherner r^km khoal hin^ 
cqiUd be worked with ni4r The caciiTatiaiii of cam led In etDae bnEldltiipi, 

No better illuetmttQD qf (he depoadedre at archltertqpe on the ebnrarter qf rofk Hkd be 
rqiai4 than hr n hompailaqa qf the prchlttoric monamcnti of ClUm And TncAtAn. Eaallr 
worked rocki of the latter evnmtrr made ptn&lble the (aa£nlfle«xit templea that hate 
hwo the wopdi^r qf aTthwoloffLeta 

* SlMitar WAlIf fqrtnlaa an livct(»are Inlq which open the doorwam of caTe 
are denred In a ent of ^adeha, bff Libber AUd tlOaklnp, the Junlan VaUar And Fetra, 
TOi. L 
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pueblo, blit OH entering the inclosiinw onotiees in the miiltile nt each 
Hoor n verticttl entrance throtigli which the the itibabitnnts descended 
to u subtermncnii chamber, escavated in tlic solid rock. Tliis undcr- 
groiutd dnimber was entered from lalenil rooms by doorways which 
uLso h»il been oJicnvoted In the lavn conglomerate. From the plaster* 
iiig on the will Is of these rooms it is evident th»t they were not used 
simply for storugr. but served for Imbitations and were true pit 
dweUings.^ Ud us consider still another example of these early 
siihterranwin houses with vertical entnitw.'ea inhabited by the alKj- 
Hgines of Arizona. (Y*rtaiii niins on tlio Idttle Colorado liave under¬ 
ground rooms tliat iridicate even better than the Old Caves Uie char¬ 
acter of pit*rot>m (jullure antedating the free buildings called piiddfK, 
Some of the best of tlicse exist in considcnihle numbers in a chi.ster 
of ruins near the Black Falla of the Cittle Colorado. Tlitw rooms 
are iindergrioimd, single, rnultijde, or arrangisl in rows, licing gen* 
(irally found in the shelter of a low outcropping rock formation some- 
Ililies occurring at the basa? of a low elilT on top of which is a [nidilo 
niin. Tlieir form is generally rtnind or they have roimderi coniera, 
one aide lieing tlie dilf walla. A row of imdevgi-oiind rooms of tins 
type morphidogically re-sembles a serii^s of sul»terraiiei«j kivas, Tlmre 
is nothing t« show that they were specialijaHl for ceremonial pur¬ 
poses, blit they are lieUeved to belong to the type of sub terra ncuti 
dwelling willed a “ pH room,’' of which the kiva is the modem sur- 

ftome of the Armenian cave dwellings belong to that type of ^vate 
house dmracteriwd by a v«frtical entrance. In tlie writings of Xeno¬ 
phon there is said to ixtuir the following referenre to these 
visited bv rolvcnitea and certain others of his command t 
houses were on*derground. witli enlruiK'e*c like that nf a well, Ihougli 
thev were spacious Iwlow, The entrances for the annuals were dug 
outl but the luen descended by meami of luddei-s. In these 
then* were goatii, cowa. chicbens, and the young of the anme. The 
ontmiils were fetl on hay inside the houses, which also lield a store 
of wheat, barley, vegeialdes, and barley-beer in great vessels. 

As in reriahi' flmitiiwestern cavale houses some of the cave rilliiges 
of Asia Uliniir iiad a series of houses above ground which were occu¬ 
pied, and another series, subterranean in position, entered by tunnel^ 
and advantageously situated for prftteelion from foes, Tlie use o 
the underground rooms as places of refuge, those in the open serving 
«s habitations, may furnish n clue to the use of enyate rooms under 
or behind housea in prehistoric Xew Mexico and Arizona, 

The Asiatic excavated rooma were used by their inhabitonts for 
protection against Iliraliim Pasha, who. with an Egyptian army in a 

< 1 nniKiili* Id tJi«w pll iwnii Hi* prwartort »hi* cubtenmDMb tic T*rtlC*l 

l•Dlrau^‘ rrpnMH-DtlELu a 
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riimpnign agiiitL^t Turkey, cmiie to n town <vf ibLs ehaimcttr \n Asiit 
Minor- The people fieri to tJieir EubterrHuriin ronmn* * closing the 
eiilranee liehind them hy rolling greiit stones o^tt the dixjnvaysj* so 
tli^t the Egj ptliin soldiers roidil not forte their ■way into thr^ re¬ 
treats, Uie latter were £ai>rely ill need of water and lowered 

huckrts to diiiw it up fi'oiu the wells, it is said the ]jeopk under- 
givaiiid cut Llie ropes, causing the soldiers to withdraw. 

l>r. EIJsAvortli Huntington, in an iiUm^sting account of his risk 
to certain Dnise caves in Syria, piildished in Harper's Magazine, for 
ApriU IPIO, hats shown ]mav tills was posaihle. It appears that these 
caves were safe rctreahi in time of danger, I whig in communication 
with houses id>oie. He found in theui rcjiiains of tanks, from w^hich 
w’atcr t:oiild be drawn by those in rooms ab4>ve^ It would not be 
possible U> obtain water tf thei'e w'ere hostile people in the at its below 
near the tanks. 

The most instructive resume of the dwellings of tlie aborigines 
of A'oilh Auiericji Inis been written by Herr Sarfej*t,=^ who Ims con- 
si dcml many points of hiiere^L to the student of tnibterninean or 
envf habitationiL It W’ouhl seeui froni his i»Ludies that underground 
habitations liatl a wide ilistribiition in the Xeiv World in prehistoric 
tunes, and that there was u line of ^uch, interrupted at ititcrvalE^ ex¬ 
tending from the Aleutiati Islatak along the west coast of Xorth 
Amcrictt intf^ Central America- The relation of tho underground 
cereinoniul room in California and the kiva in the pueblo regiou h 
not the least, of many interes5ting suggestions in Hcit Sarfert’s article. 

Cnvute hnlutations in cliffs on Oak Creek, a tributary- of the Verde, 
AriK,, correj^poiid with caves used by Guanebej^ for ccrcmonios and 
burials in llic Cannricjs, Many similar examples from the Old and 
Xew^ Worlds might have been chosen, some with huildings l^tefore 
tliem, others deintituie of the same. In many iustaijctK these former 
habiiatiuntii havo become burial diambcrs, once deserted by the in- 
hubitatit^^; ih^y were u-sed later as catacombs for tlio dead. Instances 
of this secondary use can be found all tbt? way from China to tba 
stmlhw^estern part, of the tTiiited Slates, 

These artificial cavers are not coDfined to A^aa and America, but 
ai'e jtlso iihninlaiit in Enrojie. Many are fouiul in Germany, * m 
France (pis. It 2) along the Eiver Loire^ where the older rooirts 
now sene for storage* and new, oecupieil dwellings Inivo licoii erectc 4 l 
in front of tliem.* The caves of Durdogiie, France, have been studiiMj 
and their ran ten U figiiml and dea=icrilxsd in the magnificent work, 

I TIIII mrllirttt df doFldc Uie doors^nr lij rolllaiT a tfrwit circular It 

to LaVr tw^U la the CBT^ luibltnttCrUJi at A#1a MtDQr 

* Uaiia iiflil Iltsrnwl Ora i:4Hrboruicn Archlv t AiUbrop^ toL 2J3. 

*fl«- IjralA^rt KarEnif , KDaitUch# iSHihlcn dua Alt^r i>lt, W1cd+ llKia. Th^ cmuiikldv 
di^jHTTltHMl nrv Traoi OcrmAii^ nfijff AaicrtCA. 

+ t Kin intfatbl^rl Irt llTdrdmuir l^rUdfftou^ yf Hie NkIIubiiI rark Srailtiftty, far Uie; iiHr 
111# pikDtojfmahK uMvtfi for piuta 1 Acai x 




622 ASKFAL aEPORT BM1TH60KIAK I.'TSTITUTIOH, I&IO. 

Reliquiae Aqiiitmiicac, by MU, Lnrtet and Cristy. The Aquitani of 
Csesar's time lived iii caves, and the caverns of Dordogne were in¬ 
habited m the Middle Ages. According to M. Desnoyers. writes 
Boyd Dawkins: 

In rrance there are at the preeeitt time whole i lUaBies, incItHllas the chnrch. 
to bo iounrt In the rochs, wtiJch are morelj* caTee mtiOiflctl. eiieaded, and altered 
by the hand of man- 

The so-called Heidenlocher, Pagan hoi® (pL 3), at Gold back, over¬ 
looking Lake Constance in South Germany, may bo taken as typical 
osampl® of certain European cave dwellings escavoted in the 1«^ 
formation, recalling those in tufa along the Verde in Arizona. My 
attention was first called to these interesting caves by H. von Bayer, 
who has given me an English translation from a (jennaii account 
published in the TJeberlinger Badblatt (Nos. and 7, Aug. *5. 
1910), and a short notice published in 182T in Gustav Schw'uh’s Der 
Bodensee nebsl dem Rheintbal. As these deseriptions are too long to 
quote in my address^ I have introduced a isimdensed account embody¬ 
ing the main feotores of the two. These caves are excavated m a 
cliff rising perpendicular from the lake about T meters above the 
water level, and were formerly approached by ladders from n narrow 
path that once aidrtod the shore. 

The Heidciilik'bfsr toriBerly wmstrted of a series of rooms, chamb««, ret- 
Inni and alehe* coimeeted with Mcb other hy hallwByjii ami stairs, cstetHlInK 

tor ft distance of almost ft kilornetsr ' • *. The slnEle reoiDB of differ, 

ojit slues ft ad shapes^ stome bflve gnjlnsO ttPcliw). or at Least the beglnDliVB <> 
tbem with the siiriDBrtot othere have Bai eellinB*. e«me b..«> columas, pllastei^ 
ftTvhltrevffi. Slid wmlres; others are simple ami wliht-ut ornnuiejitat no. la 
neai-b- (111 of them, heteoew, are to be tonnd stwie l^etichw. niches, windiw and 
flw.r oponUiES with ftoo^cs citt nut to receive the fremw. aad oven the r^lns 
«f wnodcti dowels, til mime phiires lu iho ellff nre to bo seen niches and rifts 
which no doubt nJc renialuH of U former cave dwelltii^. 

The present apprttacii (pi* ■!, Gg. D m l^y stone ffteps along tho face 
of the cliff, the former stairs being Imdly disintognited. There are 
now seven caves, a large numlwr iiaving Imhui destroyed in 
when u road was imnstructcd Iwtwren Ueberlingen and Liidivi^hafen. 
Tlie first cave, enlerttti by an arched doorway, is a meters high and 
has niehes near the eutrunce. The second cave lias two windows 
iqwin and a chimney, A niche in this opens into a third cave 1.8 
meters high and ii meters wide. TImj fourth cave (pL 4, fig. S3), over 
2 meters high, lias a grmnwl ceiling and stone bench at the opening. 
f)n ft lower level lies a cav-e culled the chapel,” from whicli one 
desremds seven steps to a pat h %vhich bifurcates, one branch leading 
to the open, lire other to a fiftti cave, whicli lias two stone columns 
in the middle snpimrting Gothic arch®. Two additional eaves with 
niches and lie riches are extended a few slepa along the level of the 
meadow lauds. 
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Cave Dwelunm at Lake Cosstawce, Sdajth Gehmanv. 
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R^ardlng tbp orison and pnrpofi' nf tbe^ tfaere ie not the least 

hliitarleal Information, So ono knows who huUl them or Urcd In them, how 
old the^- ore, nor the purpose for whJeh thej- were bnJlL So ohronleloi nor 
blstodeal j^ord contain b slnt^le mention oT thenL Nothintjr has tioon 
fonad Id the cn^es ibeutselvoB whleh wouM aid la e3Ephi1nlD4^ thoin. tn the 
family HifUifor at BruDneimbaieb there flgnml for eenturl« an «n holrlwnu n 
mre atoae imu^ wliieli wjis fontid St* the HoltleabVher—a Utnje plecre of quarts^ 
In form similar to n slttluEr man. This wun perhups of Celtic orl^lm for similar 
dpi I res Jire frequently found In Giiellc fffmviffl; or. as others think. It mny hure 
wprefienuxl ** Godfather with the globe."' pointing to tJie former use of the 
Heldealdeher by Christiann. * • • The reBults of the mrloiis theorlM may 

be BumiaotL up an fdlloirs: Onr Heldenll^cher were originally but fea% almply 
ea^et dug In the roekt they were Lu time ealarged. nmltlplled. Improved^ and 
rmbcUiahjcd^ and laKtly ueated with a i^ubo of arL The amall nOil almiilp ones 
nm the oldcat: they were the dwell Inga of tlio InhabltatitB of onr region, first 
of I be Celts, the* thp Snevlaoa. ibe iind Tairtly the .MlemuanL The 

name BetdenliScher must be pa^rlbed to the Ronjauiv 

T}ip modern history of thffie heathen cavesv Lr interesting. 

As early on 1700 the city councn of ITeberllngcn ordered the destruction of 
major portion of these eaves been use of their general ni^ by low tramps 
and vugahouda. 

When In t&4d to l&IB the new road was built l>erween tTeberllngen and Lud- 
wlgahafen. n large portion isf the ReldenUSeher out In the cUIT bonlarlng on the 
lake was sacrificed. There are now only seven caves left of the former larige 
number; they are visited annually by muny tonrists nnd are well cared for 
hy the city as LatereHLibg relics ef audlant 

Joseph V. LSrheffrl hu? chosen these eaves as soenes for some of the 
inddents of Ekkchard. an interesting Rtory laid in the tenth century. 

We must not overlook in our Rtudiei;^ underground dwellings iu 
England or such struL-tupe^ as the chambered mound nt New Gninge 
in Ireland? which may be described m roofed subterranefin chuinEiera^ 
counterparts of which a it- found in other parts of the world* Koonis 
of this kind isotnewhut different in structure appear in the megnlithic 
imdergrtHind habitations, ^Mveenis"^ or ^‘'PicUt^ houses^- of Sctitlandn^ 
and ihe Hebrides* the pit tlwellings of Jesso. the giibtorranean rixuns 
of the Califoriiiii Indians, and the *"pit rooms*’ in soiUheni Ariy/joa. 
^piiiu has many artiheiaj raven that wei^ once inhabited* and Uioso 
in full sight nf the Alhambra iti Grenada are still used by Spanish 
gypsies* Some of the Aiidulusiari envoy figured and de^ribed by 
Sr. Gongora* in hk valuable memoir, Antiguedajtles Prehistorica& de 
Andalusia^ clo^pely resemble tho^ of the southwestern part of the 
CTnited States^ Mauy aeconnte might be quoted in whicli ihc 
Etniseaii caves, largely mortuary* are descriljed* The n!niains found 
in caves along the Eivieni, as thoeo near Montone* have lieen de- 
scril:*cd by several archaeologists* 

To enumerate all varieties of artificial caves, pit dwellings, and 
related forms of cliff dwellings would take me n*any hours—even 
a list of geographical locations where they occur would be of ooii- 
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Hidemble si^te. I rfiouJd not omit to mentiori the tnonsii;tic e^feiabliiidi- 
tnent^ and rhapels of the Crimea built in caees* and thoae of the 
nx^gicd Thessalisn Mountains, views of which appear in plates 6 
and lU, 

Among- the most inten-stirig forms of Criiiiean trogloJytic ilwpll- 
ings lUie ihn^ described by Prof. G. b\ Wright in Records of the 
Past {vul H, part 1) near Baklitci-Sarah the crypts of Kiachikalen. 
ami the ^"Valley of Jehoshaphat {pL T). At the Inst luentJoned 
Iwnlity there is n projnontory with precipitous faces ou either 
side several htmdred feet iu height. The surface is covered by 
nidssive ancient ruins, while many passages lend down to ejetcnsive 
excavations with the windows open oiit upon the face of the preeipice 
1)elow " 

Fergusson reports more than a thousand caves <jf architectural 
importance in the we^erri part of India^ and the cave temples of 
Elloni may be regarded as ihe culmination of Braminio cave 
arciiitcctiire. Tliere is a remarkable Itxiality for the study of caw 
dwellings, called "The Thousand Cuvcsi” In tlie mountains of Koko- 
Xor^ ill Cambodia. The loc^s formation in i:ertain parts of China 
is fairly riddled with artificial habitat Soils, ilr. F. B. Wright hm' 
called my nttentSon to caives of this kind at Shi-wan-tse. a place 
visited by him outside the Great WalL 

^riiere might also bo ijalled to your mind the roums Inhahited by 
Greek pric-dsT which have been excavated in large bowlders, aiid 
inhabtUfi iiaLural caves in the Caucasus Mountains; In some cases the 
Clive iiioiith is filled in with an artificial wail made of stones^ reeds, 
or bamboo^ I can not do more than mention the cliff buildings of 
this kind reported fmm our possessions* the Philippines. 

Certain climatic resemblancea between the oases of the Sahara, iu 
iiortherti Africji. and the deserts of the South weal have brought about 
Tonmrknble ^^^imilarilies in habitations. We have in the Saliara 
i-egiou. extending from Egypt, through Tunis, Tripoli, and Morocco, 
to the west cmsl of Africa, a region of subtermnean dwellings repro¬ 
ducing in uppeaninces those common to the arid Udt of the New 
World* It ia instructive to note the similarity of these ancient 
Berber hoinea and certain Puehlo dw^ellings. It is perhaps luon? than 
41 ^incidence, that wo have coexisting among the former, nw with tlie 
latter, two urclihcicUind forms, one nl:Kive ground^ the other below^ 
the one a cliff and pit dweliingj tlie other an intiepen<ient village. 

The character of Tunisian Berber lowrts can tiest lye illustniled by 
a typical pit habitation and town, and for tliis^i compariiiciii I have 
rho^n ilatmatii and Medinine. The village of ^Eatmutn {pi. 5. fig. 
n, near fT4il»es, i^ certainly one of the most, cxtraonlinflry iinder- 
gnuiud s^'ttlenienli! 3'^^t describesAs tile visitor iippi'raiitliea it.. W'c 

ADk TfPXEiHr*'*" MBtcanln, n-u I-buI ^Sclt. fur ISian^^lotk. Inofl, pTW, 
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lire told, he sees ni> sigu of a villa^ but only jl nLLmber of ei^terulike 
ileprefi.^U»ii_^ hi the each moasuHug ^bi>ut ab ft?et in iliaEneler. 

Bui standing on the oflge of one of the^ depressiona nnd louking 
over tlie side into it what a striirigq Sight meets his eyes. Deep in 
tiiese sunken ureas he secs ihe in habitants, dogs, camels, and human 
beings. This depreSHion is a brea tiling place or sunken plaza into 
wliioii rooniH open tlirough lateral passageways, which are cxc4i-" 
vations ill the w^ulls of the depressjoiu Some of these chambers arc 
adorned vrith rug?? itnd fumitun?^ Tim snnben. plaza is apparciiLly 
Uio living place, entrunce to it being by means of a subterranean tim- 
iitd, iihiiiting upward, large enough for passage of man or bejist. 
Tim tri 7 ghHlytic pc^oplo which inhabit these subterranean chiimbei's 
now litiniber l,2fK>, and there is historical evidence that they have 
lived ill these sunken pits for trentiirici^ The court or sunken area 
into which ihe- ditTemit rooms opeo is a common gathering place for 
ttie iTiluihUaids, in which must of the household work is perfoimed, 
tJie C3tcavated chambers being often arranged one above atiathei% 
serving ns tJie sleeping rooms. 

There are .sevenil of these troglodytlc towna in the arid deserts of 
Tunis, some of them wholly below the earth’s surface, while others 
mi! partly above grounds The reasons man has resorted to this snh- 
tcrrEincau life in tins region are to escape from the torrid sun that 
fiercely t>eats down on the parched desert and to obtain shelter from 
the min and sand stonns. A remarkable similarity between pueblns 
on the one side iind another type of Tunisian town like Medinme on 
the other is worthy of meniion. MediTiinc, regarded by llamy^ as 
the !^[npalia of Sallust, and proljably the same as the troglodytlc 
town mentioned by iSiralnj, according to Tmegur, is composed of huig, 
narrow rows of ixk>ius destitute of windows, their doorw'ays luokitig 
out on a common court. The rooms of this village^ as sliown by the 
doors, are built olie above another, facing in the some gene till 
direction. 

A tojn|jariaon of the accompanying view of Mediiiine (pL 5, fig. 2 ) 
and the llopi pueblo, Oraibi, can not fail to reveal to the oL^iw^cr 
gciieml likenesses with special dilferenees. The buildings are four or 
tiVO stories high, w ith lateral doorways at different levels. Of minor 
re^:mbliince, visible in the figiii’e, may be tuentioned the steps, staicOi 
or other ffiot rests by which one ascends from the ground to the upper 
naouifi. The niw of these last, scon near the standing huiuan figure 
about halfway up the side of the building, closely recalls similar pro¬ 
jecting stones found in some of the cliff dwellings in Arisjona, Colo¬ 
rado. and Xew Mexico. 

t ta Tdnnua wq d#bdt du XX Pftrii, lOOi. 

sTTwa*—flu lino—to 





62 B ajsntjaIj repobt ssirrasoNiAN rsrBnru-riON, i9lo. 

Tmeger and Bniun have pointed out that a Saharan town like 
Med ini tie U architectii rally on imitation in relief of the subternmean 
village. Malmata, one being aliove the other under ground. In the 
southwest lliere is a similar relation of the rave dwclUng and the 
pueblo bnili in the open. 

The relative agi: of Mat main and Med ini tie. as representing the 
African troglodyte ond a village in the open, may aid ns in deter- 
mining the relative age of the clil^ houses or nionia in artiKeinl 
caves and the pnehlos. Tnicger re^rds the dwellings nndei-ground 
as constituting the older or the original form, and it would seem 
that the same is also tnic in the New iVorhl where there is eindence 
ihut the eavate rwms are older than the pueblos. The existmt-e of 
several-storied dwellings in the Sahara and in our Southwest are 
explained as follows. The limited opacity of the i-avra in America 
had so crowded together the inhahitants that they were conipidled to 
cuiistmct rootna one above another, a condition of congestion which 
survives in the pueblo- Tim multiple-storied Berber villages in 
the oi>en have a pueblo form for the same reason. 

The Tunisiao pueblos are inhabited by the Berliers, an aborig¬ 
inal people of Korth .\frica, whose ancestors, there is eveiy reason 
to believe, lived in similar habitat ions in the earliest historic times. 
lu fact, it is not impoRsible that the very pwpio now inhabiting 
them are descendants of those who lived there in the time of Stratm 
or .Sallust, Tt would appear that a residem* for centuries in this 
peculiar form of dwelling may have led to certain habits of life 
which they share with our pueblos. It is foreign to the purpose 
of my addreivs to enter into any intimate comparison of the culture 
of the sedcniary prehistoric aborigines of the desert region of 
Africa with thow of our Southwest. Init it may not be out of place 
to state ifo passant that there are deep-seoted similarities in their 
customs, arts, and iiistitutionH, which are herituges of a cave life. 
Instructive parallels, for instance, inighl lie delated i»i house owner- 
fehip, matriarchal riglds, and clan descent betw'cen the two. It would 
be strange if their tdeii,s of building were not alike. 

To-daT, as of old. the Berber trilaw are distinct from the nomads 
and ara repnlod to live in stone-biiiU hill villages with two-storied 
houses.^ in marked coiiLrnst to the nomadic .Oralis, who dwell in 
towns of tents, Aocording to Hat^tel, in villages of the w'estern Atlas 
*Mhe greater part of the upper story consists of a sort of rough 
veranda ill suited to the severe climate of that mountain country. 
• • • Thi* natives pass the winter in cellarlike vaults Iwneath the 

houses: and for the sake partly of wtirmlh. |>nrtly of defense, the 
houses arc built so close together that they often produce the im- 

ivtif upiHT ilflcr ®f S Kibytp ■■ onliiviTnr adiliHl «ftM tb« wnRlBijr wf fc wn. 
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press’ton of a village/’ This applies aUo to certain prehistoric 
Arizona hwisc builders. It is noE Ion great a airehTh of the imagina¬ 
tion to fancy that the fonner inhabitants of the Old Craves in the 
black lava hills that aurroimd the San Knincisco ^fountains near 
Flagfttaif^ and thijs^^ in the neighborhood of ihe QIark Falls^ Ari- 
zonii^ may also, like the Berbers of the Atlas Mountains in Morocco^ 
have retired in winter for wnrntth to their cellarlike vaults beneath 
their liouses/’ They likewif^ built close together^ partly for vvanntb, 
partly for defense. 

But cliff dwellings in the Old and Xew Worlds are not always 
limited to arid cUmiite^ although they are elsewhere used for wartnth^ 
or retreiiiw fnnn coht wintry blasts, Tlie Eskimo villages at King 
Island, in the Aieuttai^^ iB n notji<.worth5^ example of cliff dwellifiga 
overliKiking llir This FottteinenI, consL^ting of W dwellings, 

is literally lashwl by cords to the side of a precipitous cliff, each 
habimtion consisting of two chambers^ an inner^ parti ally excavated, 
and an outer «)iistnicted of poles nr driftwood, the two coiuinuni- 
cating by a tunnel several feet in length. In the summer the hardy 
hshermen who inhabit this village live in the outer rfaimfi which 
are little more than verandas, but in winler they witlidrciw to the 
eitiTiviitcfl rooms for protection from the cold sea breezes. 

The student of archieology of our Piiehlo region has reason to 
cnn^Htiilnte iiimseif on h«ing nbifl to ititerpret ttotli ninjor iind nunor 
antiquiti«K by thtlinoJogiciil riafEi. It is « gruai help when Pueblo 
priests, des^wndntits of the nncietibs ean sservei ns mentors in archeeo- 
logicnl researrli. The same mar also bo said of tho iireU«oIopst 
who attempts a study of the past culturo of the c»vemen of Mortwco 
and Algiers, a 1 way a consideml in, tho greater perspective of lime. 
Unfortunately the archeology of the Berber repoii, prior to accul¬ 
turation and influx of foreign tribtw. is almost unknown. A knowl¬ 
edge of the cuvo life of nortfiem Africa, reaching as it does so far 
back in time, might tn nirl ns in comparison with more moHcm Aiiieri- 
cflu cliff dwellings. 

It rarely happens that so close a likeness between cavo divcUings 
of the two hemispheres can be pointed out os in those found in 
Cappadocia and New Mexico. Perliaps tho most striking types for 
comparison irre the so-called '‘cone dwellings.” None of the various 
cavatG habitations of tjie Old World are more suggestive to the 
student of American clilT houses than those of the volcanic area we,st 

'•nir Xairaiio «ii tiif nopi. wIkwi aacctoni ifcordiaji lo Ifoenhiis pmiMhiT Uv«] 
Ih mlan, the Xf.khlnl. IwOhIr of (Uif k(Y«> nDi]«iitn>uiiil hoownt (»■.• thr roia- 

rliK«D Fathon o( St. Stielui?|. An BthnolDfil* DlrtlOnarr Che Xaenba Ussuase. V, 135 
Thii name la aalieelallf aptiUrf u> WaJpLl When Ibla OAinr Waa fitTrfl thun. beft>w th^ 
prcvctit W,lpi waa bnflt. the BueeatAT. d 1 tbD piMtoatlnalliijr claiia et the Ijopi aar hare 
bKD Uritki Lb undtiireToiisJ boutci w.t Qlacl^ or cluvlten. 
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and southwest of Mount Argvus and Ciesarea* M«i*iica, overlooking 
tho tluyler and the valley of the fieurerao in Cappadoeia (pL S, %. J) . 
Many, perhaps the majority, of these .were the works of Christian 
monks dating from the lime of St. Basil. 

Manr travelers iiave eniumentcd on resemhlaneea in the geology 
of Syria, Palestine, imd the arid legions of our Southwest. some 
parts of Asia itinor we find the geological formaliotis of Arizona so 
closely repioclgeed ihal one is amazed at the similariti^ In one «» 
in the other there are regions of volcanic tufa eroded into fantaatic 
shapes. We should esficct to find in countries the ^logicnl features 
of which resemble each other so closely a similarity in humsn 
habitat ione. 

Thi ,4 resemblance is evident in the cone dwellings near Martehan 
and those of the Otowi, New Mesko (pL 8, fig. 2). These cones arc 
geologically considered the last stages in llie ei'osion of tufflceoiiw 
cliffs and, ^ ivould be e.'tpected, we find associated with tliem all stages 
from the inwHsivo wall to a conical stnictun^ sometimes capped with 
the harder lava rock which has preserved it. The whole region in the 
neighborhood is volcanic in origin, and consists of a thick layer of 
tufa overlaid with lava which is comparatively thin. This tufa can 
be easily worked with primitives implements as stones or sticks: with 
a little pirticnoe chambers of any kisw could lie cxcuviited in it. 
Although some of the Asiatic pjccnvatious are 25 feet long by 13 feet 
wide, they might be made in a single month by one industrious 
workman. 

In tlie past centuries the tufa ban been ennled into deep canyons 
lined bv cones often tipped by a lava cap 300 f«it above the level <if 
the ranyon. In places the sides of these conra have been eroded, so as 
to e.\poae the chambers in their interiors thot are no'wnscd for drying 
grapes or other fniits. Ingress is gcnciwlly by moans of parallel 
holes armnfed in rows which, when the «des have been worn away, 
(ire no longer visible. The rooms ore commonly small, a fact that led 
the older writers on the troglodyte to sp^ak of them as a dwarfish 
race, from which arose the supposition that the ancients knew of tho 
tact* of pygmies in Africa. This supposition, that the cave dweller* 
art* pygmies,* is world-wide in distribution, a 1 a'» 3 's due to the same 

1 th* of Ibfi rule of BupII In 

u fiiLT flJt Usfl fonttlt but titbew datr back to A nmirTi oarller 

mD 9 i irfentirj pW»pV# of St»w Mexico, Arlmcraii, and Coloiqdo wiaEch 

Ttiwflwl tbc I'tititJlM 1*1 amm or pit anil pnctlMd creiEuitlou, Tbplr niltnre 

wiUt In tb* of IHh ttia ftranflt?, Aantbcr OtOCk irhlcli oIod cneraatod 

ibrlr ftlotLff lb* <S!lla niwl <1* trltHUtarlcfL Ip rairljf pnihisEorEc ttoioi I bo Cltt le 

Clolondn valtPF fnnn SiBtil to tlw ittmt Colorado, intflitdiELff ilopl, wm tmiftkallj ttflln- 

^7 ledpatMT P«pl«- It * 4 * firtiplwl bj colbnlalM fruM ihrtfr Iwo cultural 

.reotariv a £nm JorprlF of i^trt Fo«blo pooplct Ihat dltl iwt eWttmto 

Ibe dead. 
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CBUfie—the small aiae of the ejceuvaied roomp. ThiLS, altliottgli many 
people believe that the former inhttbitunle of the oliflf dwellings of 
Arizona were pygmies, os every tyro knows, skeletons that occur in 
them do not support this theoty. 

On entering one of these cone dwellings of Cappadocia we find 
ourselves in a spacious chamber with shelves or niches excavated in 
the solid stone of the walls. The stairways resemble round tunnek 
through which one ascends lo nn upper story tlirough holes like those 
lateral openings by which one enters the room, Tlio floors separating 
the upper front the loivcr stories ^vero usually thick enough to hold 
the weight Uiat might test on tliem, but occasionally these floors have 
given way and fallen to the floor below, thus enlarging both rooms 
ami foniiing a lofty chamber. In one instance nine stories were 
counted, but generally there uio one, two, or four stories, their posi¬ 
tion appearing on the outside os small windows or i>eepholes. 

Many of tlie ca\*e dwellers of Cappadocia have in front of the 
excavated rooms a portico later in eonstniction ttmn the room, na 
indicateil by Greek or Komun arches and columns. In the interior 
tKscur also evidences of later occupation showing Christioii origin 
or Byzantine culture. The customa of the natives lixdng near the 

caves of this region differ slightly from those of an ordinary Berber 
village** 

1 ask your permission to depart a little from the trend of my 
uddrcM and to wmsider the nntif|uity of these Cappadocian cave 
dwcllmgs, many of which are no doubt comparatively modem monas¬ 
tic dwellings, though others mich back to u remote antiquity. Sayce 
regar^ Cap]iadocia as the original home of the Tlittites. con^ideriug 
that m the hierf>glyphy of this ancient people couch are used as 
Ideographs for king and country.” If Qm be true the cone dwellings 
of Coppadocni were known imd periiaiM inhabited ut the epoch of 
Hittite supn^macy, or about 1300 K C. Although these caves were 
probably inhabited before this nipote time, no one has assitmed 
th^m AD okkr date* ^ 

Diodorus, .Strabo, and other early tibioriamj or geographers of 
antiquity hnve embodied in their writings an account of the troff- 
lodytes living on the coast of the Red Sea written by Agnthamdes 
about 250 B. C. Ihis account is instnictive as perhaps the oldest 
known historic record of the culture of cave dwellers. These ttoglo 
drtes are describwl as a pastoral people, governed by diiefa wht> 
fought lulianlly for their farms. -They made use of stone impl^ 
ments, apes re. und arrowB, W omen always lijially parteil the com- 

«» Ot tft* n><»t *™hwI, boine tbmt la Eworai rf ^ 
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far th^iir Invss furbude a troglodyte to s^itrike a ivowiun. Their 
fitod constfited of meat of their hertJ* milk, and blood iind of bones 
which were enisbed und mixed wdth meal so as to form a kind of hash 
which was w nippetl in mw untanned skins and roasted. Butchyrs 
were regarded ms unclean person.^ They slaughlered only old and 
sickly iLJiiinals for food- They did not regard human beings as their 
ancestoi-s but looked upon the cattle and sheep which furnished them 
food as Ihcir parentsw They went nude or dre^^sed in idtlns. Those 
who were too old to work cornrnitted suicide by hanging tliejnbelvca 
by the neck to the tails of wild bulls, who dragged thejn to deatb. 
Cripples and Lbc^c allliidefl 'VTitl^ Incurable diseases were put to death. 
Herodotus sft 3 ='s of tho EtJiiopian troglodytoia that they w'erc swift 
runnersj fe<l on serpents and li^ard^. and had no real briguugc but 
screeched like bats or tw'itterGd like birds*’'^ 

■'rhe highest form of cUfT habitaliDn in the New World is the clilT- 
pueblo which is pmcticnlh' a village built in a large natural cave- 
^\licu the cliflf dw'ellers of Colorado had arrived at such |>erfectioD in 
masonry that they could eoiistnict a village like the CUtT Pnlace of 
the Mvsm Verde Xationul Park they hnd progressed far beyond the 
priiidiive -caw house. This was the IiigheHl and mcist characierUtic 
Aiueriran form of stone diff dwellingnoith uf Mexico and its counter- 
jwirt it> nut known in the Old ^^"^orld. 

ITiere are true cliff houses of this type in Asia as well as in Amer¬ 
ica The examples which have hm\ chocsen for illiistratjoh of this 
point are cliff dwellings situated in Slutnsi^ the norUiern l^mvinee of 
Cbktu (|)L n, lig. 1^. The dttl tt^niple of tbo Miousliun MoiiiUninis 
niie of many in lUui iitfioii, ]ics In u great luuujituiii uavi' whii-b n^- 
miridod liopi^idirnanii * of the Cnve of ‘Wiiitls'' iH^hiiiii Niiigani 
Full^ Allhoiigli i ht-ro is. no architwtui'itl njii^iiiblaitvc botwt'i'n thiti 
It'inplp und u cliff lUvuUjng in Arizona (pL 9. fig, 2), Iwtb are con- 
Rtriii-tttl miller an overhanging cliff und it is intenadting to note that 
the TOunti^' in wbidi both occur ia seniiarid. A necessity for shelter is 
not so evident in the Chinese cliff Iionsea os in Colorado, but the 
tsanriij tliouglit h apparent in the cboico of the sites of these cliff 
lioti^eri. They aliow that in localities thousan(hi of miles upai'l, where 
geological coliditimia fasor the custom of constnieting villages in 
natural caveriiH, iherij: these alriieturi>s hnve been fouiah It must lie 


«It la taatftiHlrip la jpert^^ th» rviaro^i totcmliia AQd iDaErli,rrhlfiJ d^ictlat I hut 
cfi3ji out m Uie alKHfe nrt-tHjnl. U m*- rv«itfd thfp P<rb«n or T^Atia u E(w ELtical 
N^ntlAnta *1 tbo cUJI dwfl]^^ pf PCmrUi nodi ibr iiualdaH u living riHiretftitntIvM 

of AuscrlfiiEi ftlff dwfllm, wentirnl bthrp cvoimou raMtmcttrrIttka can l» frnewt lu 
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infertod, however^ that, aside from the site occupied, the architectural 
feattirei^ of the two an* unlike although characteristic, Tiie cliff 
temples in the Shami are thoroughly Chinese^ the Colorado cliff 
dwellings are Hlx>r]ginal American^ a dlvertdty pointing to an in- 
to which the enve is secondary, to wiue i>ower which b 
stronger tlmn tl^e external irillucnoa in its effect on tJie fomi? of cliff 
dwellings^ ■\ntilo this power e:^orts itself strongly on the highest, 
it is not as potent on Ihe lowest. The excavated caves of lower on I* 
tures in regions widely separated show closer resemblances than 
those made by moiv civilized men* The simpler tlie cultural life the 
closer its resemblance in different regions of the globe where ennron* 
inent is idcnticaL 

Another secondary uso for care^i which connects Uicm with habi¬ 
tations and is found on both contiueutii dating back to early times 
is their adoption for mortuary purposes The cave originallj built 
for a habiiatioii in course of time U deserted by the living and 
becomes a bttrial place just as the subterrunean cavern becomes a 
cratacombp This secondary use is ceiiiiected with its adoption as 
a resort for priests, who would withdraw' from the w^orld for cere- 
mouial or other reaiiwns. The custoni of burial in cave^ once estab¬ 
lished led to the conMnicticm of caves de novo for tombs and cave 
shrineSt possibly temples, which latter are made dilHcuU of access 
and Isolated to add to their mysterions charach*r* Ancestor w orship 
and fi'ur of the dead intensifies a feeling pf awe^ and other men are 
unwilling Ui enter envas which w'ci'e once inhabited and now contaiu 
the death 

CJf many subjects connected with a -copiipairativc study of cave 
dwelihigs in the Old and Worlds a comparison of burial places 
and tombs of the tw'o continents parallel with that of habitations 
LB one of the most Liisimctive, but a consideration of ihh^ subject 
w'ould iiianifestly enlarge my addn?^ to tiiuiue proportions* 

Although examples of prehistoric tunneling occur in several lo- 
raiities in the Xc\v World none of these can compare in extent with 
the suHerraiiean passages of Syracuiie in Sicily. 

As in the Old World, so in the Ne\v, tire cave k a re,^rt. for the 
priest who remains tJiere to intercede with supematuml beings. As 
a place of burial U is sacrcil and in it at tiuies aie kept the sacred 
irnages and pampheruaHa of woi-ship* A fear of the cnA^e due to 
superstition is not wholly cordiiied to the Old World but is lilm 
found in the Now, Neither Navulio nor tlte„ succours of the diff- 
hoiise people, w'ould enter the cliff dw-ellings in early times Itefore 
white men took tlie lead- Such an act would, they Iwlieved, bring 
direful UK as biindntv^ or even, deaths to anyone who ventured 
within these old habitatiomit 
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As tbe cfiTe life ls probably older in the Old World tliau Iti the 
eo the cave dn-elling of that continent is the most higlilT de¬ 
veloped architectuoUy. ilany of the rock temples of Egypt— 
the fur-famed rock temple of Abii-siiobel—China^ and India* ivre 
aojong (he Idgl'iest known examples of man's skill and expertness 
in rode ctitiing. Of all these none surpasses in Lnlerest and beauly 
ihe ancient far-famed cliff city of the Sjrian desorta, called Petra. 

Situated not far from an old coravafi route across the frtjm 

Diminscii$ to SLccca and protected from nomadic marauders by its 
miu-vrloufi position* Petra hm been occiipied succesaivelj from mosL 
anciefit times by Edomites^ Pbcpidciaiis, Eg^'ptians, and PomaJia, 
all of whom have left exauiples of tbeir art in its rock-hewn temples 
nnd aniphitheaterS; shrines^ and house waPs. After passing throngb 
p narrow dedlo called the fiik* whose perpendicular walls tower 
above OQ each side» a visitor suddenly beholds the magnideent 
“ Treasury of Ptolemy ^ cut on the aide of the cliff. This beautiful 
temple, empty because without cave Ijchlud it, is but the beginning 
of a series of facades coA>&ring the high clifTs in the enlargement 
of tlio canyon^ at the base of which lies in mins the fallen walk of 
buildings long ago deserted. As one studies this greatest of all cliff 
cities? built by hmuan hands in the variegated rocks of ii Syrian 
desert, he realizes the height diff dwelling urcbitccture long ago 
reached in the Old World, as a protection frtim foes by isolation. 
This ruin, with all its wealth of beautv% is connected with a desert 
and an arid climate, tlie oatne conditions which characterize its hnni- 
ble rcprissEmtativesi in tbe New ^\'orld. 

1 have sought for some explanation of the fact that the di^ 
dwellings and pueblos built in caverns are confined to our southwest 
and northem Mexico, and to the arid belt of Asiat Europe^ and 
Africa* Wliy^ for instance, is the diMributiDri so circiiiij 3 crilH*d* 
especially when we find evidences that man elsew heroj as in the 
IVcst Indies, once lived in a previous stage in natural caverns 1 
am inclined to recognize here the most striking instance of the in¬ 
fluence of environment and geologictil conditions. Now here else were 
there caves eapadous enough, open to the air, and in many other 
ways suitable for iho erection of dwellings. Other caverns are 
deeper* the limestono caves of the Allcghanies are more extendve* 
sonm of tho^ic of the West Indies as inacoessibliv but the majority 
have narrow trances and are otherwise unfitted for the development 
of cave dvh'ellings. 
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A study of the diff dwellingK of the Old and ‘Worlds while 
EihovTing^ on till! one himd^ thnt surrounditigs htiv^e exertetl marked 
influences m fustorv, reveals on the other the wefikncifs of ihe potu- 
tion that human history is solely a prodnet of ejivironment^ If we 
were dealing with orpanic structures alone and the tiiind of man were 
ivhfjliy s-uWrvieiit to them, cave men throughoat the w^orld w'ould 
have a greater luiifortuity in culture+ hut ihcre is another factor in 
tfie caseT tJiere is tlie human mind and wull witli its powers of over¬ 
coming onvii'oiinient* and there is in man a strong dedre for socio¬ 
logical and therefore Institutional development. Man's mind, 
espeeinlly in tlie higher stages^ is not altogether plastic to conditions? 
the desire to live in families^ tribes, and other groupings is strong 
enough to olTsct climate and physidal conditions or to modify tlieir 
influences as man wishes. Animals also hove gregarious instinct^?, 
but ihcse have not overcome environm^tal inftuence. Primitive 
man is also more or less subservient to it, but ci’^dlized man ri^es above 
external roiidilions, emding for himself sociologle and institutional 
laws indciwndeni of his f^airroundings. 

It is evident (hat while cave life has exerted a marked influence 
on natural mim in tlie creation of tlie monumental habit of building 
and thus led to higher civiliKation^ this habit Is only one influence 
acting on liuman cliUuro hiatgry- The higher culture of tuan m 
more complex and due to more complicated influences than this 
would imply, Histoiy is the re?iiU of external cuviromnent^ geolog¬ 
ical and climatic, but thjij cau^e ia not the only Influeux^e acting on 
man’s mind through the ceiiturjea. Whether we approach our sub¬ 
ject from the hifetoricuh (he cultural, or the geographical side we can 
not overlook the psychic or mind element in culture. It h instruc¬ 
tive to see how' in different regions of the earth natural umu lias 
been sliuilnrly iiitluencetl by like ezivimiLment in constnicting tiabi- 
tation.s that limited iiiflitence from its nature is not lasting olthongh 
in a luensiire liereditary but it will ultimately be powerlesH, Simi¬ 
larities of cave dwellings in widdy sepuratc^l geographicul IcN^alities 
mean that the human tiuncl in early conditions h practically the 
same evpiyw'licriv a prineipie that has the support of pwchoIog^^ 
In later conditions the mind of the individuLal, wliile not nece^ssarily 
su|>i!nor to thut of earlier times, enjoys the influence of accunmlatcd 
aurvivuLs or the race inheritance of centuries of ihoughi of other 
minds called eiiltnre. 

Note.—S ince the delivery of the above address several pamphlets 
and one iir two Jujoks have been puhli^ed on Felatcci subjects; the 
most importiiiit of the latter k by the Rev. S- Biirin^-GoiilJ^ on 
'' Cliff Castles and Cave-dwellinga of Europe.’* Among many in- 
struct!ve examples of European tn^lodytea, mentioned by the author 
of this work, the eaves of Bnlmen du Montbrim near S. de Cen- 
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tenkr, In tlie Vivanik, nre in ^ €x>mparalive way* Herct 

according to Mr« Baring-Gould^ is found a volcanic crater “ 300 feet 
in diameter and 480 feet deep; and man hoH burrowed into the aides 
of the porous lava or pumice a aeries of habitations^ a churchy etc*” 
Sunilar excavations of habitations m the sides of a volcanic crater 
occur at the “Old Cavcg^^ near Flagstaff^ Ariz* The y\^w of the 
Cave Castle, Kroiimetz^ given by the amne author, recalls several of 
the diff-dvreUings in the Canyon de Chelly imd tlie Navalio National 
Mominient. Many parallelisms to American pueblos in caves or 
cliff-dwelliiigs tiiAj be found in Furopean cliff refuges and cliff 
castles, although these stnietarea are not as complicated in the New 
World as in the Old* One is fitrougly tempted to compare the pre* 
historic refuge platforms supported by beams found in some care? 
of France with the scaffold of Scaffold fiuiu in the Kavaho Nataonsd 
Monument. 

Mr. Baring-Gould brings out clearly in tlxia work a iiio&i lustruc- 
tive fact in bunxau geographytlie relation of the European cave- 
dwellings to the chalk formalion tufas and sarulstoues extending 
almost continuously from England to Asia Minor* In this wc see 
relation of artihcially excavated cliff-dwellings and geological condi¬ 
tions, a ixiirektion that sbo esists in the distribution of cavate lodges. 
cuvc-<]weilingK, and easily worked geological foimuiiuna in our South- 
\\\ h\ 


THE ORIGIN^ OF WEST AFRICAN CROSSBOWS ' 

[With 1 pl]itL\l 


Hettky Balyour, AI. A. 


Conridernble interest has been ai'i>used In the discnv^ery^ now many 
years ohJ, of crossbows in certain parts of western Afriiia, Hmid con¬ 
ditions of primitive cJiiUure; and the fact bus given rise amoiigHt 
edinologkts to speculation us tp how a some what specialized weapon 
of thbi kind, which does noi belong at all to African culture in gen¬ 
eral, bas come to be adopted by nndvilized tribes in a restricted por- 
tiou of tbe Afincau continent. Tlie ratige of the crossbow in Africa 
is very limited and more or less connected^ and ibs isolation is a 
noteworthy fcatiire. 

To acciHinl for tlie presence of tlie crtKslx>w in West Africa as an 
article of native manufacture and use, two alternatives are.^ of course^ 
{}[H?n to us. It must citiicr be indigenous and have been evolved by 
the natives themselvf^, or its prototype must have iK^en inlroduced 
fi\im some foreigi^ source, Paul dn Clmillu, wln> irwrdefl the ut^e 
of a crossboTv nniongst the Ba-faii in and who brought hcima 

specimens, two of which are now in the Pitt. Riven? Museum at Ox¬ 
ford, dcjes not offer any suggi^^stioiis as to its origin, and is content 
with n description of its use. Sir Richard F. BurtfUi,* * on the other 
hand, in referring to the nayin <lhe native name of the ci^ssbow 
among the Mpongwe of the lower Gaboon), describes it as 'Vpeculiar 
to this people and probably a nati^^ invention, not borrowed, as 
might be supposed, from Europe,'" The contrary opinior^ U, how¬ 
ever. held by most mcMJeni ethnologists, and them setmLs to Ije but 
little doubt that tlie theory of tho exotic ori^n of the West African 
ci'ossbow b correcL There are poduibly few nowadays who seriouslv 
maintain tJiat the weoiKin is eilliier indigenous *jr of any consideiTable 
antiquity in die region. At the s^une time, the details in regard to 
the sou™ whence it w'as derived do not appear to have been dk- 
cussed, and I venture to bring forward some evidence of a very sug¬ 
gestive kind. 

Ut |»rmlHkHi from lb# af Ui« Society, L>u 6 an - V4 30 

Toi. A Jtilr. iwjo. ■ ^ 

* Exptar. tn Eqiuloilal AMea^ iSflt, pp. 77. 78. 

■OortUft tnlkSiJ, IHTfl. TipL p. 207 . 
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Dr* Bahian ^ appears to have regnrded the very simple “ nsleaae " 
of tho Fan crosjfbow as being dne to the innbiHty of the natives 
of the interior to imitate the comp]icatori reltuise-mechanisni of 
European orossbowfi, and as rcprusenting mcinsiy the best they could 
do in the direction of imitation of a perfected type. Dr. F, von 
Luschan, too. speaks = of the method of discharging tlie Fan cross- 





no, ¥lcw of itcH^ of NorwoxlKa wtullutf crv«A&g« (tl. C!. 


how as n degenerated derivative ftom a European form* I propose 
to offer evidence ivhich rendem unneoesasary tiie view that the Fan 
weapon is degenerate, eWdonce which points to the native form 
being a direct and but very slightly modified imitation of an actual 
Euio[]ean type^ itself of extremely rndimentan^ con^ructioii* In 
other words^ my view is that the crossbows of the Ba-Faii and other 
allied native types are strictl}^ primitive rather than degenenite. 



Fed. virw of ObOHi KIttjf. ill DEljgblEurtiiMhd uf 

Kipina, sai laeim, coii^tc^ o. f, namn. rut Muhuiu. 

Distrlbuliiyn itnd wrieffca of the e^tcssb&w m Africa.' —^Of the 
Afi-ican crossbows the bt&i; known is ondoubledly that of the Fan 
and Mpoiigwo tribes of the Gaboon and Ogowo Rivers^ of which 
numerous examples may be seen in nmseums. A typicul specimen 
(pL 1, fig, Ij i^) If cfflEect^ b}* P. du Chnillu tmd belonging to the Fltt 
River^^ collw^rion cit Oxford, consists of u short nn<l very rigid bow. 



Fia- 5L—SLtl* Tjfl» Df ito^k bf Fan ^dldilHslr (pi, *1. Imglb 501 lHeb«i. 


254 inches across the arc, having a nearl}* rectangular sectiun, i^aiit 
at tlic center, and tapciing toward the ends, Tlie hoAv b not straiglit 
in the unstrung state, but has a set curve when free from stridn. 
It is set syinmetricttlly through a rectangular hole near the fore 
end of a slender wooden stm-k, measuring 50 } indies in longlli, and 
is fixed with edges. This stock (fig, 3) is split laterally througli' 


fur EthuuL. fl, lein, p. ^ 

•3Ml. feu LtHninl., 1611*7* Ek P i J* 
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cmt the greater purt of lU length, so as to form an upper mid lower 
litiib, who^e Iiiniier ends are free and can he forced apart, wkile 
iJiey reimin unitefl in the solid for end of the stock. When the 
two lidilis are brought together, a square-^Uoned peg fix^d to the 
lower limb passes tip wards through tJi6 upper limb and completely 
fills up n notch ftituatod on the upper surface bohind the bo^^ring. 
The ilistaiice between the latter and the notch is 3i inches, and this 
represents tim full extent of the ’^draw.^ When ^w-n or the 
bowstring is held In the notch and the peg is fnrce<l downwards, 


d 



4^ — 3!^ Tfrw of Block or ran cffWBtHjw {pi. Ik 6|. iHiijilj S2| InctiM. 


<‘4itiRing’ ihp tuvo limbA to tsepurute. By bringingr these together ngniii, 
\rith tt sqii^r.mg aodoii, the peg ns it rises in the notih forces out 
the Iwwstriiig, Rfitl in thhi very simple manner the release iif effected. 
There is a rerr fnint groove in whirb the arrow lies. 

The second example (pi. 1, fig. 1, ft), also in the Pitt Rivers collec¬ 
tion was obtabied bj' the wGll-knowii West African irovekr, K. B, ?!. 
Walker, from Du Cliaillu, and is a very handsome specimen, deli- 
rntcly carved. It resembles in general Uio example aliove mentioned, 
but the stock (fig, IJ is some\¥hnt longer. r>2ij iiiehes]f the bow is 



m a.—Dplaili af cireiDB upon F>ia (pi. J, Ab. 1, lit 


angular in outline, squiirc in section at the center, and slightly eon- 
iigaiii later, is engraved upon either side. The chief point of dc- 
vex olong the back; it meusurcs 28 Inches across lUo arc. The dis- 
tatieo of the bowstring from the notch is aj indies. The release peg 
is semilunar in section, tho convex edge directed forward. The stock 
is very neatly carved In Hnear designs in the neighborhood of die 
notch, the pattern extending a.s far forward as the union of the two 
limbs (fig. 5), at wliich point («) a small circle, to which I refer 
piirturo from the otlier spedmen lies in the stock being incompletely 
divided. In the forjtier example the two limbs of tho stock arc quite 
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separate at the liindtr end (fig+ 3), wherejiis m the present specimen 
they nre reunited at this end, which b sttlid (fig. 4). This nitach- 
nient of the two limbs at both ends accentuates the tendency of the 
lower limb to spring back when forced away from the uppecy and tlie 
riileasje ttecomes moro automatic. l^Tiien the bow is set the limbs are 
kept apart with a sliort. sticky which is withdrawn to effect the 
release. In tjoth p:samples the bowstring is of twisted bast or root 
litier and a '^whipping'' or sendingof tine yam al the center 
protects it from friction ngiiinst the stock, i)ii Chailln, in describing 
ihe use of these crc^si^bows. tells ns tliiit cither imn-hcmled arrows or 
snkall darts poisoneil with vegetable sap are shot from them. The 
little darts, Unng eAtremely light and easily blown away, are held in 
position in the arrow' groove hy means of a patch of gum* He tells 
us that: they attain to a eonsnlemblo range; that they are ofiective nt 
15 yards, and tlnit the merest puncture kilk immediately. He al^tJ 
sjicakii of the luiUvest as good inarkHinen* The irnn-hcailed arrows 
Jin' atout. 2 fetT Jong and Jin? used for big-ganic slitkotiiig. In twod- 
ing the bow-, which is very fd.roiig, great force is retail red- The 
archer sits dowuiy applies Imth feet to the center of the ijow% and pulls 
the bowstring with all his force tilt it reaches and is held in tlie 
notch. Dii Chailhrs illustration depicts the procei^. Sir Richard 
Burton also mcntimiKi that amongst the Alpong^ve the dwarf Iwlli 
elie^ ]s always |joisoned with tlie boiled root of a wild shrub. He \va*i 
not impressed w'ith the marksmanship of the Mpongwe and never saw 
a decent shot made. Ho uddo. It is telieved that ji graze is fatal 
and that the death k exceedingly pa in fid: I doubt both sii^rtions,’^ 
Comparing these two accounts by Du Chaillu uud Burton, and as- 
bunuiig (heir nccunicy* wo may infer that the Ba-Fan were at dm 
time the mon? jikillful nrciiers^ ntid that they employed a more 
deiidlv poii^n thnl the Mpongwe. This is in keeping with the higher 
organi?iition and rndtiire of the former tribe, whose domiuaurai 
amongst the other triljer; of the region haa been remarkable. 

1 have a note of a div>ssbck\v of the usual Fan shaiie from the Sangii 
tribiilnr^" of the Kongo; but, iinfortunately. I have no details regard¬ 
ing it. This type nppears also in the Knmerun region, in the 
Yu unde district, 4® N:, as may be gathered from a figure in 

H work upon the Genuan colonies/ The Y'a-imJe people are lie- 
lieved to be dosiely related to the Bu-Fan, Sir II. II, Joluiston^ 
luetitifpns ihe n^ of the crossbow among the Bali (K. Kameniri) and 
[ndiki (.Middle KHuiertm), and also among the tribes of the 

Sangn sonix-csv 

I Dtiii D€ttl*ch1an.il, p. l|.a^ M-Ipo F. td-h. Zdl. f. 

mniiL \*rhmtidu INSJ-, p LNSa 

IIMW tlreli^u RtMl ths IWJft, TikL 2, p. 70*. 
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An intei^ing niitive crwssbnw (fig. 0) was presented by Gapt, 
Latherington in 1833 to die Searbornilgh Jluseum. and U said to 
bai-e been obtained on the South coast of Benin ” and to have be¬ 
longed originally to a chief of the Mandingo tribe.' ft w of dark- 
red brown and bard wood, polished. The bow is curved, 2T inches 
long and Ij inches wide at ihe center, tapering to 1 Inch at tlie ends, 
which tenniiiate in projections for the bowstring. Tlie '* back ’ is 
convex, the “belly” flat, iitid the edges are squared. The bow is 
passed through a rectangular bole in tlie thickened end of the stock 
and is fixed with wedges driven in from opposite sides. The stock 
is *24 inches in lengtli, and consiata of two parts (fig. 6, t). The 
upper part extends in one piece the full lengtli of tJie stock, of which 
it forms the major part. The lower part consists of a seimrate bar 
or limb, fitting closely underneath the stock and butting against a 
eloping sbntilder. A short distance Iwhiod the shoulder there is a 



rio. a,*.CifOMT>ow of Cbg HoniUaaD tribe, liOMt ot eenln," lenstb fbeUM. Cbl- 

by C*pl, Ijitfloliiksrtott, ifujimcn. ^s—Uii|»f Piriftw: h—:lQWPr but- 


transverse hole through the upper limb, and a string loop passing 
through this embraces the lower limb and keeps it in its place, form¬ 
ing also a kind of rndimentniy hinge uniting ihe two limbs in front 
and allowing their hinder ends to separate. The “release” is iden¬ 
tical with that of the Fan crewBbows, being effected w ith a notch-and- 
peg mechanism of precisely similar form. An arrow’ groove U also 
seen in this form (fig. 8, fl). The principal difference between the 
Mandingo and the Fan types lies in the latter having a split stock 
while the former has the stock in two separate pieces hinged 
together. 

In the Yorubs country the crossbow is used among some Yomba- 
speaking tribal in conjunction with the tong Ik>w,» and u local proverb 
referring to them has been recorded by Bishop Crowtlier of the 

^ I «« marbted to Df, John frtln*. of ftenrtKirottgli. for dotaU* btnJ nbotebM of this 

lfa1;QDcr, JbUnL Ajslbmp^ lnfftr VpL (Up IStW, p, 
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Niger: crossbow is not enough to go to wjir witli; whoni ito 

you dnrn to fnce with st gtick?^‘ Gov* Moloney produced exotn- 
ples of cro^bows through the chiefs of Ibadno, They jire called in 
Yombn ukatanpd ^tho long bow being called onm or onm). The 
release: is like that of the P^an and Ktandingo fofms^ L e., elfectcd by 
means of a divided stcxik with peg and notch. The Ihjw h dniwii^ 
as is that of the Ra-Fan^ with the aid of the feet* Tlio string is of 
hasty twisted fiber, or anmiai skin. 

In the Pitt Rivers Museutii at Oxford there h Ute stock of u eross- 
bow (the bow is niissing) which closely rcssen^blc^ the Maiuliiigti 
example {fig, ^), It. was obtained by Mr, G. F* Martin from a Reniti 
tribe at 01x>ni-KJttyy about 14 miles from the right bank uf the Niger 
and miles east of Benin, and was presented by him to the 

uiiii^urn in 1002- The length of this stock is iiiehesw The head 
is carved in rectilinear designs. The loop which foims the hinge 
uniting the two liiiibs h of cane, and allows the free ends of the two 
limbs to separate to the extent of 3 inchciH* The W'leas^ |jeg ii fixed 
to the lower limb Si>mewhat diagonally* pointing forwanl, J- rtim 
the abapp of bow slot we may gather that the twjw was rectanpdar 
in section. There b a well-miirked arrow groove upon the stock* and 
close to the notch theto are traces of wax, c^ddenily employed for 
causing the arrow to retain its place until the detente- 

It is clear, F think, that, the Ikfandirigo, Yoruba, Beninese, and 
smme of the Kamenin crossbows which F have mentioneil are closely 
relatctj to those of the Ea-Faii and MjKingwe, The principle of the 
detente is identical in all^ nLlo%ving for the diflerence between the 
liinged and aplit stocks; the tendency of the l>ows tovvard a met angu¬ 
lar section, the arn>w groove and the use of wax to keep tlie darts in 
place, are all feat.iires ecmmion to these varieties of the weapojn 
That these crot^nlaiWH form one family group with locid variatioiw 
can hardly be doubted. 

Dr. F, von Laschan has described and figured ^ u peculiar form of 
erosslKiw from the Ba-Kwiri in the hinterland of Kiirneriin. Two 
specimens were obtained by laeut. Freiherm, and are now in the 
I^rlin .Museum, This type differs from those liJrl^ady refermd to in 
certain pmtiiiiient charactemiics. The crossbow it-^lf h of small 
size, the length of the stock being about 34 inches, but i he total length 
is enormously increased by the addition of a wootlen liarrel nearly 5 
feet in lengthy through which the feathcrlesis darts (ab^>ut 10 inches 
long) arc discharged. In use, the Ixiwstring is druwn Ijaek into a 
notch, as in other African croasbow^H; but, unlike the lattery 

there b an niechanunn for the rek^se. The stock* which is shaped in 
imitation of that of a European musket, is solid and not divided* and 


fOr KtltfigL* mV7, p, 
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tltere is hcnt’o no peg wUh w’ntch to push the bowstring out of tlio 
notch t diiK net ion is performed simply with one of the archers 
tiugers. In respect of the deloute; tlik pnrticular type oppeara, ub 
von Liischttn justly nonarks, to OBhibil degenentte ruther than merely 
primitive charneteristics. An uJniosl identical form of crosslww 
with long barrel und Stock of European shape, from Buea, KamH'nin, 
may be seen in the missionst^* * museum at Basel, Crossbows fitted 
witli barrels are evciywhere iiiK'nmmon, tbough I liave noted in the 
Berlin xMuseuin an example from Ooraiii Isluutl, in tlie ^Ealay Archi- 
jjelugrt, A barrelled crossbow' was much in Use in western Europe 
during the seventeenth century. 

Although the ilislrlbution in Africa of the crossbow as a serious 
weapon is .so restricted—being confined tnulnly within the limita 
of the region extending from the Mundhigo country' to the Sanga 
and Gabtpon districts—there are to 1» found outside this areji cciiaiu 
appliances in which the general principle of ems^ibow medianUm is 
adopted, and to which brief reference may li« made. ,1. A, Grant 
mentions toy erossbow s as in use in 1861 among the childi'cin at Ukiini 
in the Unyarnwexi country to the south of the Victoria NyanKO,* Mr. 
Ernil Torday discovered among the southern Ba-Mbala of the Ivwilu 
dialrict in the Kongo .State rt toy rnosaliow iistnl by children for shout¬ 
ing seeds and benies.* In this the form of the stock, which is of 
jiulm inidrili. ie dearly mcalFlcd upon a European giinstock. and tlie 
method of ndcuse, hy nieane? of a toggle and short string attached to 
the bowstring, is, to the Iwst of my recollection, only to be paralleled 
amongst t?rns!il>owii with the crchfl^ljows of the Nicobar Islands, i>ip 
H. II, JohnKlon also nientions the use of toy crossbows among the 
Bsi-A aka and tho Ba-Koiigo. These various miniature crossbows, 
which may very likely be still more widely dispersed in Africa, have 
blit little in common witii the IVest African crosslmws with diviiled 
stwb. and they may well be regarded a-s referable to a different 
orifpii, and as having ijoim iiviroduewl independently into West 
Africa via tho northeast and through Moslem inllnerice, as has been 
suggTKstiftl by Sir li. Ih rTohn^on/ 

Again, there is that pcciilinriy widely distrilnited iippHance. the 
cro^ljow trap, varieties of w hick are to be found in so many widely 
sepuraleil tygions of tho world. Rat traps of crotwbow form are 
familiar appliances in the French Sahara iinc] Bomiiese territorv 
and occur also in German East Africa and, no doubt, elsew here in. 
Africa; but it may be doubted w’Lether these have any direct mnrphn- 
logical connection with the true West African ciOifbbow wcapona, 
and it is imncce»<my to consider them in detail in the present luemnin 

^ A Walk AfritW, imL (b 100. 

* Fiiraivd iiw!<!rHw»o m >uii, itumr, Xo, ji2, 2 , 
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Orig'in of Afriean^ ero»8b&ws^ —haye now di^ribed the Tarieti^ 
and distri blit inn of tin? crosybow in Afiacji as bir as the cvidoncc at 
my disposal aUoivy, and it remains for me to deal with the intera^iog 
problem t*f it^^ origin in tliia putt of tlie world. 

The theor}'' of an iiidigennus origin for tlio cror^bow in West 
Africa, which ha^^ been held hy some auLlioritieSi e. g.. Sir b\ 
Bur Eon, ha-s^ it would iiwn put fnrward in the belief that 

tlie West African forms are of n far more rndinientary type than 
any European forms, and that the dilTeretires between the crur^ljows 
of the tw'o regions are such as to preclude their having a common 
origin, tlie crude nnd pocuHar methofl of effecting the relenHc l>eiiig 
the principul ilistinguishhig feature in the African examples Tho^ 
observer's on the other liaiid^, who mnintHiii^ as I tliitik rightly* the 
exfrtio mdgiji of thiH Wc^l Africim w^eaj>ori^ liave enileavoreil to 
account for rlic extremely simple release mei^hanisin by urging that 
tids is II degenerate form, arrived itt a.result of attempts on the 
part of llie savage to approximate to the more complex Eiin>pcan 
mechanism, and repriwentiug the laesi that he could do in thiH direc- 
tinn* IJotli these views are^ I Ixdicve* ImiswI upon a miyconception^ 
and are due |m>bi[hly to their promote!^ lioiug iinac(|iiaiuted with one 
very intoreinting type of European ci'ossIjow, wdiicii to my mind fur¬ 
nishes the key to the solution of the problem* 

The theory of iiidigi?uoiis origin may* 1 tliink. lie finally dismissed- 
I propose to bring forward evidence w'hich give^j? one good ground for 
lidiering that tlie Fan and some odicr Wosst African crossbow^s are 
neither iJegcncrate to any extent, nor even more priniitivc in con¬ 
struction than ^me rude tytics of crossbow which remain even at the 
present day in pmctical iii^c in northwest EnropCH 

Although it isJ unlikely that the crtKnbrjw' h of any conaiderable 
antiquity in West Africa* we may feel sure thtit it is not at. any rate 
n very rewnt Introduction among the nativen of thii^ region* Du 
ChainUt Biirtont Walker, and other early explorers of the inland 
regions:, fouml the weapon well establbihed nnd in general use among 
t.lio Jhi-Fnn and Mpongwe tribci^ of the (lalioofi district* oniong w'hom 
it had iisaiimed a well-defined and constant. ty|>e, subject, only to 
minor variutions. The opening up of other parts of IVest Africa 
has5 here and there revealed tlie use of native-made ernw^bows wddeh 
also exhibit a considemble uniforuilty of t_vpe.j though widl-deJiriod 
lo«il varieties occur* a.s t have pointed out The genenil uniformity 
leads one to fl=*s-iime that alb or nearly all, are traceable to a common 
prototype. Tlle^De weapons arc likely to beccane ol)Sfjiete vtry BOon^ 
siiiCCt just as the pt^nenil use of ihe crossbow- in Europe died out as a 
result of the sueces^ftil rivalry of firearms, so the proces^n is being re¬ 
pealed in Africa to-day, where Eurojiean muahets arc rapidly ousting 
the deacendfiJits of the European croswbow- 
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It a^uiA to me unlikely that the crossbow was introduced into 
West Africa overland from I lie northeasterly portion of the con¬ 
tinent—though tills haw \wcn Hiiggested by soiue^—since this w^eapon, 
though pri>bably known in etirly <lflys tlirough Eiii-opeEin contact, 
can not be iisgarded a^ diaracteri.stie of or us having Ijcen adopted 
in that part of tJie worlds whidi 1$ therefore unlikely li> have afforded 
the source of inspiration tiiruugh tlu- mwliuiii of Anib traders and 
explorers. The more probntde and niore generally aci:epted theory 
is that ^Vest Africa owes tho cix>5show dirsx;tly to Avestern Euro|>c, 
and I hope lo show that this iheorj' is far more plausible even than 
is generally supposed. 

The reputed French trading adventurers of the fourteenth cen¬ 
tury^ the Portuguc^se explorers from tho middle fifteenth century 
onward, and the Dutch, Englisdi} 
and Danes, who followed closely 
upon their hcehi and vneil 
them for commercial supremacy 
may he regarded as the possible 
introducers of tho cms^slxj^w into 
wcsleni Africa, in the region of 
the liight of Benin, the J^cenc of 
their keenet^t in vest igat ions and 
mojit strenuous rivalries. The 
famous bronKes, cast by the cerii 
perduta pn>cess by the natives 
of Benin, afford evidence of the 
use of the crossbow as a weapon 
by invading European?* in tlie 
sixteenth ht seventeonlh cen¬ 
tury, A bronze plaque in the 
Britisti Miispuni * carries ii figure in relief of ji Eumpean, probaUv 
of the si^teetith pentiiry. canying a erttesbow (Fig 7, a) and three 
different kinds of bolts or c[uarreis (pointed, blunt headed, and 
chisel ertdeti), arni the renlistie niatmer in whhrh these are portrajed 
is eridenee of an neciimtc appreciation of their utility and detailed 
construction by natives already ncquuitited with the long bow. On 
the other hand, none of tlie numernus figtiies of anned natives repre¬ 
sented upon these bronsies are Hpiipped with this weapon, and this 
negative evidence may Iw regarded ns indicatitig that the crossbow 
was still purely exotic at the time, and had not yet been adopted 

^Slr n. fl, JabDitc^q In feU tB*k nlrndr r^trrtr4 itM In ■ wbkh he 

Ittudljr wnle to nie^ tictrruw llifl o|iLelIoo Ihmi flio ^roflabow trqcbqd Wfwj Afrlcm hv 
two ro*UMii ill frocrt KjrrpC wlwftf It wiLfi jnlrwMJucHt Ip i.t-ioodlaK lltms, itAd tboa» 
tnniiaUtr^ by Infliioptif, (:!i tmiB r^ftpitaBal bjr the vrni Coaat wee routn. 

^ Flfan!d by UoaU Aod [^ItoD in The Ahll^ti« of Htuln, LoisdoEi, pt 14 As. t 
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and imitated by the native cmftamen of this rej^ion at ajiy rate: while 
H suggestive clue is ulTurded u> the possible date at which an appre- 
ciatiun of the eapubilitios of ihe foreign weiipon may have led to 
early attempts by the natives to produce weapuns of similar typ*\ 

It is generally suppasecl that the nvi of the bronze founders of 
Benin was itself introdtieed ftom wesntem Euroi>e* and the Portu- 
gucife have usualiy been tiiiggcsted ms the likely leadieris of the pittceis. 
This very plausible theory is not, however, qondiiE^ively proved as yet^ 
and arguments ag^iinst it have lx!an presented by Mr. 11 . Ling Roth/ 
Be tins as it may^ even if tve assign to the Portuguese the credit of 
having introduced to the natives the difficult art ovei' which tlie latter 
obtained so complete and remarkable a mastery, it is not necessary to 
assume that every Etn-opean represented upon the plaques and othar 
castings is of necessity ii Pnrlugiiese^ Onco the art was developed by 
tlie naiivijss, any Europeans with whom they came in contact tvould 
l)e c'quatly liable to have their rhamcteristica jiortrayed, and, as I 
have |>ointeii out, there were among the early explorers of the region 
not only Portiigiiej?e, but alno Europeans of Frcnchj BiiglbJu Dnlvh, 
and Danish natumalitiqg. It is of importance to bear this in mind 
in i^n(nation with the prohalile introduction of die crossbow. 

The 1 1 re valent idea that the native African crossbows are degener¬ 
ate imitations of European forms is liased upon the notion, a j^er- 
foctly true one, that tho well-known types of this woajNvn used for 
militaiy^ and sporting purjaws from the lifteexitli century onward 
were complex weapons of elalxiratc coruaTruclicms mvolving n btnv of 
an chil>orale wfaxlcn ^^tocii. and a skillfull}^ designed and com¬ 
plex inediariisni for tlie relcm^e. This i^ iiniloiildedly the ^vns»- 
bow having already liei^n in use for centiiirics in Europe* and Iiaving 
been develojaNj thmugli s^ucce^^ive stages of unprovcmeiit into a 
highly perfected applinnce. It bad reached almost tba ^Ajnith of its 
development. At the t^aine time* wo should not lose sight of the fact 
that not only had more primitive tyjies ncce<ssarily existinl—proto¬ 
types wheiict^ were derived the later* inipmved forms—but, further, 
tliat under i:t^rtain conditions some of these arcbnic forms fjursisteti 
ijito quite laic tiiiies and continued to ba manufactured alongside of 
the more perfected varieties, 'flic older fotmji survivcni, in foci, as 
long HA their i=.iiiipler eonsirudion and relative cheapoe^ ctmtimied to 
supply a want. 

Now, in a single small dUtrict on the we^item coast of Xorway 
there may still be seen in seriuu^ use a form of crossbow which it 
would l>e hard to panillel fur simplicity and n.idencss of ronstmetion. 
It secnii* like an anadirouLsm in mi environmeiit of highly spedah 
ijfed weapofLs of moderri tyjte. It k, however, no mere plaything, but 
m appliance of practical utility, which the livelihood of its 


tO«l Bruiu, 1003, in. 




ontoTN or WEST AFmcAy crossbows—^balfoub, 645 

owners largeJj* dei»nds. In foniier tinies, no doulit. it was fur more 
widely dispersed, but, having been gradnalty given up or superseded 
by impiNned weapons, it ts now reduecd to a state of struggling sur¬ 
vival in its Iasi Jiome, wlteiiee, too, it will flnnlly disappear ere long. 
The district in question is the southern portion of Store Sartor, a 
lurg?‘ island otijneent to ihe port, of Hergen.* The island is deeply 
cut into by three narrow fjords, Ostfionlspollen, Tellevaag, and 
Skogsvaag. These fjonis are visited periodically by w’hales, Cspe- 
eially by the T^esser Itorqtial, rostr{if<tt the “ Vangeliviil 

of the Norwegians. The capture of these cetaceans is a matter of 
cnnsjtlerahle concern to the inhabitants. For the details coneenjing 
this local whale ti^liety I must refer rendei-si to Dr. Bnincliorst’s 
11 it crest mg paper. -Sulliee it li> say that- when one or more whali's 
have entered tiie fjord tlieir retreiit is cut off by a net drawn across 
tlio narrowest part, and lliey are then killed fntm boats hy means of 
the extremely cnide njid biiiliaric cnitisbow whicb I will now describe 
fpl. 1, lig. 2>. Several years ago f pnarnred one of llnse whaling 
crffeakuvs thiioiigLi a friend in Bergen, and lately u second example 
iia.s been sent to me by Dr, C. ih Sdigmanu, who obtained it from Dr, 
Bniiichoi'sl. I'he consli-iictioii is ns follows: Tbe litnv (pi. g. fl.atid b) 
is of large sbe rticI very stout, roogbly hewn out of yew 
baiycata) procured from the JIai'daiigei-; it tapers somewhat toward 
tlie ends, which are “ Bhouidera<]for the imwstnng. The latter is 
thick and of tunned hemp, in strands lootielv twisted into a cord 
which is “served’’ nt the center to podcct it*fn«n friction against 
the stock- The stock (pi. I, %. I r, and fig. 1) is of lash, and consists 
m itii ijppffr nntl ii lovtar limlj, Tlie upper limb* or istock proper^ in 
deep at the front end and terminates in two projections forming a fork 
in which the bow lies. Close lidiind tlie fork is a rectangular perfora¬ 
tion, and furtiier back its lower inlgc is cut suddenlv nwav to form 
a sloping shoulder. From tliis point the limb tapers‘grmliratly away 
to Its hinder extremity. A short rUstance behiml the shoulder a short 
fiat bar of wood is set transversely through tbe stock, its ends pro’ 
jecting on either side. A little behind this tlie stork Is perforated in 
a vertical direction, and is notched to ni-eivc the bowstring when the 
laiw is drawn or set. To this upper limb, or main portion of tiie 
stock, is attached the lower limb, which is shorter and butts up ogaiturt 
the shoulder to which it is hinged by means of a tenon niid wooden 
pin or rivet. This limb also tapers toward its hinder extremity. A 
stout wtMHieii ^g fitting loosely in the verticul hole in the upper 
limb IS driven uuo the lower limb, to which it is firmly fixed. The 
hinge joint uniting the limbs enables tbeir free ends to be sej^nrated 

»Aa liltmttlag HlaUrmtiMl papor gpan tbe caiulruL-lluo and ii*f of tbii CTcwubfi^ 
anil la»^ ue tll," Tritlrfl by Itr, J. RntuiM,ont, artaram) m Xiiuraa' 
fianait by rba Itcntira MUanun, iStrtl, jip, I havt trarrowad frutn thla amtuoi' 

nyi^j of till? detJiJla lufna n-Ierml t^^r 
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or clc^d together. The l>ow is fixed firmly in pcjsition in the forked 
end of the stock by mejinfE of w pair of wooden collar^:, eaqli fonned 
by bringing together the ends of a fiexible spHl rod ond binding them 
together to form a pear-tdmped nog. These col la is encircle the Ix^w 
and brace it to a traiiavertse Iwir f pi. fig. 2 rf), which pusses tliroiigh 
the furwiird rectangular hole in the stock, and are tautened \vith a 
weilge. In use. the bow is ** ? 5 ct by dm wing the bowstring hsiclnvard 
until it is caught in the notch on the upper surface of the stock, the 
limbs lujing separated .so aa to wUh<lraw the head of the release peg 
from tile jioteln The huge boH' is too powerful to be bent by liand, 
so the opera lion of drawing ia jjerforined with a simple bnt effective 
wooden “goat/.s-focptlever (pL 1, tig. 2 c, r). the prongs of which 
rej4t against a fulcrum formed hy the ends of the transverse bar 
iiivmeiliately in front of llie nolcli. The arrow or Iwlt (ph Lfig.Q/)— 
which consists of a head and foresbaft of inm set in n shaft of pine 
feathered with thin wooden &lips~is laid in the arrow groove, 
tlic slightly notched butt being just in front of the bow at ring notch. 
To discharge th^ bow, the two linibe of tlie bow' are simply squeezed 
together, with the res Lilt that the release peg is driven npwani through 
the notch^out of which it ff:»rees ihe bowstring, which drives the bolt 
in fi^ijnt of if. Experience bus taught the peasant whalers that now or 
cleaiuvl hobs are fur less deadly than old and iinelcaned ones, the 
reason for this being tbat llie latter are highly poisonous fmm the 
septic cfinditioii of the decaying matter adhering to the rusty surface 
of the iron hends^ which arc never burnished^ They ore even buried 
sometimes in gangrenous flesh so as to induce thb septic condition. 
The true nature of the poison is, however, unknown to the penHants. 

The siiii|ile reloiise mechanism of tins modern Korwegian crossbow, 
it will l>e at once noticed, while difleriiig completely fn>m that of all 
other European crossbow^^v whctlier ancient or inodcm,^ is precisely 
similar to that of the crossbows of the Ba-Fiin, Mpougwe, Jfandingo, 
Tcu-ulm, and Benin natives of West Africa* which 1 Imve already 
dcscrilicai. The identity iir simctiire is so alisolute that it is impossible 
to avoid the l>elief that all iiro traceable to a common origin. It is 
most unlikely that ihis contrivance, which, simple as it ii?, required 
some real ingenuity for its invention, should have been independently 
arrived at iu two widely separated regions of the world, by a civilised 
peopk'! in ihe iUie region and by p savage people in tlie other* The 
]inThabiUty of llio ciwsIhwv having Iwen intixHliiced into West Africa 
by in the sixteenth or seventeenth century tjccomcs almost 

a cetl^iinly when wc know that the structural detaib of the African 
forms arc actually thrive nf ceHaiu Enropean erosslxiws^ It was 
only Igno rance of this fart wh ich has couseii any hesitation in accept- 

iBIr a. I'lJBr iUllwmf a-, mmlldi, of Ihn Sorw^slui pwJcrn womJwit Id bli 

IIQIIOCUDC ttidD<]|ir«kb on chtf troulHW, 
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iiig UiB theory of « Eiirojjfuij origin. 'I’ln* principiU diirerenne oiist- 
ijjg between the crosibows of Uie (Jroboon and of Norway, the two 
extreinoH, lies iJi the foct of the Scaudinuriun exainjjles having the 
lower limb of the atook binged to the upper (bg, 1), ivhile the Gidwon 
type has the stock made iti ii single stave, split to fnrni tiie two Jirnbs 
(Jigs. S and 4). This distinctJoii is at the best h minor otic, and Is 
due probably to the lowly cultured savage not coinprchending readily 
the structure of a binge joint. In any ease, this difference becomes 
quite insignideant in the light of the Xigerinn and Miindingo cross- 
bows (figs. 5 utid 6), which effectively link the two extremes togetlier, 
and in which we sec a hinge joint of u simplified type, a loop roplac- 
ing the more complex tcnon-iiiid-rjvci johit of tho Jfonvegiai) wbaling 
crossbotv, A signiheunt piece of evidence, helping further to link the 
latter with the Gaboon weapm, is tg be noted in tJie l''nii crtEwlMiw 
repre^eented in fig, 4 (atid pi, 1 fig. 1 t). It will Ije notTct*d that just 
ut that point ffigs, 4, n, and 5, «) where the end of the wooden hijige 
rivet of a crossbow of the Norwegian tytw would be tteeii [cf. fig, 1], 
un engraved circle appears. This is quite distinct friiui the n'ssl of 
the curved decoration, nnd may well be n skcuomorphic ” reiuinw- 
cense of the hinge of the European prototype, which in this particiiJnr 
it Was impossible to imitato so as to form a practicable joiiu. Or, 
and jjerlmps this is rather more probable, this circle mny repixsicnt 
the perforation in the upper limb of the stock, througli which the 
loop fonning the hinge of n Nigerian crursbow is pttsstid. In either 
rase this dis^ign seems to point to the Gaboon wenjion having been 
derived from u model of the hinged variety, and serves to link the 
various local fornjs together. Viewed in the light of the other cor^ 
respondencies, this decorative feature acquires a phylogenetic value 
of considerable interest. 

The European origin of West African crossbows, notably tlioso of 
the Gaboon district, is further exemplified in Uio form of the bow 
itself, Avhich Is clearly modeled upon the rvctangtilttr-seetioned steel 
bows of the European type, and differs wimpletely finm any native 
long bows. Here there is u departure ftom the crude Scandinavian 
tj'fw, but it seeuis very jjossiblc that the simple method of relea.se 
which still survives in the clujiii^'' Norse weapon may nlso have bi’cii 
applied to bettereda*i weafxms fitted with stiH?l bows, Indectl, an 
examination of the form of emsabow' represented upon the Ben in 
bronze plaque in the British Mtuionm {fig. T, o. mid h) affonls most 
suggestive corroboration 'of this view. The bow there shown is 
evidently of sletd, and is of the *H’upul’s-bow " form. Tlin stock is 
evidently ui two parts, with a movable lower limb recalling the struc- 
tore of the Norwegian stock (fig 7, ft). TIk lower limb as ix^pre- 
sen ted k however, decidedly shorter tlian the upper, and it mav be 
urged that we have here nierely u dumsy represeiitaiion of the long 
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alppl lever wbidi ht'lti niid releiised the iTvoiviiig rnteh or "nut** of 
the typical medieval und later Europeau crosabowst. Tliiii mity Im so, 
but there is undoubtedly u gn'eter resemblance to tlie divided stock 
(witli peg-nnd-nolch release) tlian to the stock with lever and " nut " 
mechatiisiu, and there is no suggestion of a revolving “rult’’ in tlu' 
simple ttumwrsc groove which appeal^ to represent :i plain notch 
for the tanvstring, Moreover, when ii lever was employed this ijec*es- 
surilv did not extend further forwni'd thuii the catch which litdd the 
bcjwstring, whereas, In the crossbow represented upon the pintpte, 
the union of louer and upper limbs is placed cTCHisldcrebly in front 
of the notch, as is the case in all the crossbows huviiig dividcrl 
stockji—a significant fact. It luis occurred to me eluiL the lever of 
the better-known Europeaii ertit&liows may itseif have been sug¬ 
gested by anil derived from tlie muvahte lower limb of Lite ruder 
tjTxw. The muscular action retjuireil to effect the r(deiu« is in l>t>tli 
CBJWS the same, viz, a squecziiig togetUer of the two parts of the 
stock in the one case, and of the lever and stock in tlie other: the 
revolving wheel-likc “nut” in tiie latter form hiiving stipjdunted 
the more sluggish tlirustiug-pqr octuin of ihu former. lUit this is 
by the w'ay. Tlie combination in many of the African crossbows 
of u bow apparently modeled upon a steel original, with a simple 
divided stock, may thus perhaps ho explained by the evidence as to 
the introduction by Eumpeons of n tawsubow in which these char¬ 
acters are actually combined, as rcc’ordetl upon the hmnzc plaque 
from Buiihi. 

One caa not readily determine whieli of tbo European peoples may 
have firm intrcKluced tlie crossbow with dividetl stock into Africa. 
Tills primitive form, now reiitrictwl to a very limited area in Xor- 
way, wa.<i pralwihly nt one time far more widely distributed over 
Europe, and the Portiigueise may quite well have known and used 
this type, and have carried it with them to West Africa} but tlie 
lirebability lies, perhaps, rather with the Dunes or the Dutdi, who 
may bo regunJed as mort^ likely to have employed it form which we 
know to have been associated with Si^andiiiaviii, In tbLi case the 
intrtMluction woidJ not have taken place curlier ihim tlie later [sir- 
tion of the fiftcentb century. The European figure.? iqjon tlje Benin 
broiiKca appear for the most part to Iwloiig to tlie siirtccnth century, 
and the Heninese hronze foimders were suflicientlv familiar with 
the Europeim cmidww to represent it with wonderful aocuraev in 
matters men of detail. May we not reganl it as probable tlmt the 
weapon was fir-t adopted in the sixteenth centurv bv tlm natives of 
Nigeria, who to tin,- day arc using a hiiip^d fon^i of crossbow with 
divided stock, and that from this region the weapjon wu* disiiersed 
varying somewhat in tietaii as its range exlcndetl farther from the 
originul center, aud becoming aimplified to some slight extent f& it 
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readierl tJie more retuolo trifjes of yet lower niUure, such as the 
Hii-P im and Mpongwe, amongst wlioni the stm'k of the crofisbow ia 
merely iq)Iit instead of Ijoing hitiged. The idmplificstioa k in nny 
Case So slight tluit it cflB hardly be said that the crossbows of the 
Gfilwytfi rlistrict lire really a degenerate doTelnpinent, as compared 
with such II Enropemi form as I hiire suggi's.tod nm.v have been tlieir 
prototyjie, If on the one hnnd tlie release mediuiiLstn is slightW 
degraded, nn the other hand in point of finished workmanship tlm 
□akioii examples are far superior tii the Norwegian. Tiie change 
from It hinged stixk lo a split stock iii nssociatetj with the gradual 
disiippeurnnw ctf the arrow groore, owing, no doubt, to the use of 
nnidi lighter arrows which are held in jKwition with was or gnm. 
"J'liLs method of cimsiiig the dart to ndhere to the stock is employed 
also ill tlie cose of the native hinged croishowii, in which the armw 
groove is often well defined, though iisunlly much [e.ss so than in 
most Eurojx'un crossbows; in this respect, tof), tlicrefore, the (iidioon 
type is linkiHl to the European indin'Ctly by the Nigerian tj-pe. It 
is most unlikely that the crosslww-iLsing natives of tJie (Tubooii re¬ 
ceived the idea of making this wettjxm direct from Europeans, since 
they iipprar to have only recently migniti-d toward the coast from 
tlie interior. In their former home they would iiave Ixjen out of 
reach of contact with tile early European explorers; and apart from 
thi.s, the special features of thi.s local ty|>e are most readily ac¬ 
counted for as due to imlirert etinneclion with the European pmtotvpo 
and to die distance from the original: center of dispereal In iVeat 
Africa. 

The methoil of release with a divided stock is paraUelefl, as far 
a.H I am aware, In tmt one other region of tlie world. The well- 
known and specialiiied repeating crossbow, noii koung, of Chinn is 
lifscharged in a manner closely anaiogoiis to the mechanism of the 
^Vest .\friean nml Norwegian forms which T have deserilKHl, 1 must 
not here enter into the possible aninities of this Asiatic form, but 
merely refer to it as haring certain marked charecteristica in common 
with thessc western types of crossljows. 

As ri'ganls the Ba-Ewiri erortslmw of the Knmertin deserilied by 
Dr. von T.nsdnm. we may judge from it.s stnicliire that, while it is 
probably allied to tiic other West African fornus, it is a strictly 
degenerate variety of the weapon as regards its mode of discharge, 
since there is no ineehaiiism for the release, which is effected hv 
merely pushing die liowstring out of the notch fay hand. The form 
has evidently been much mmiilied through imitation of firearms, im 
the form of stock and the long barrel prove, U'c must regard this 
form as an nlwmint local type which ha.s dcreioped largely upon 
lines of its own, divurgiiig ftom the more usual lyfie. 
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To sum up briefly. It appears to me that the exotic origin of the 
West Africati crossbows is practically certain. The eridcnco poiots 
to the prototype of those crossbows which hare divided stocks having 
been a European crossbow of d type nearly related to that which now 
survives only in western 3forwaj% where it lias persisted for a special 
purpose. It seems probable that the introduetJon of this weapon 
into West Africa was effected by the early European expeditions, 
probably iraine time in the sixteenth century, and that the natives 
of Nigeria were the first to adopt it from tliem; also that from this 
center it was dispersed westward to the Mandingo country, and 
eastward through tlie Kamerun district to the Gaboon, uucl tbst the 
local varieties are for the most part, at least, derivatives from one 
original prototype. 
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By AixUCX W, FoEXiLJkTi, M. D., 

AfJti*tant 8tUtC CQmmttjHflnpr Qf rirfirfnffl, Richmond, Fd. 


Tile careful student of sanitary progj<?s9 in the Flaited States to¬ 
day is early iuipressed whli tlie ffreiit contrast lietween the sanitary 
conditions in country districts and those in the cities, Recenl years 
witnessed great progress in the cities. Effective health depart¬ 
ments have been organized^ and the effect uf measures, ^uch as tiie 
supervision of water and milk supplies^ the ™iting nur^^ and the 
tubf^rculosls dispensary^ metlieal insix^ction of sehwsls, euiJ the accu¬ 
rate control of contagioua diseases, has 1>een ^ pronounced as to place 
their work on a firm Uisis, a ml to insure its continuance and csteu- 
sion^ ItHiile much remains to be done ii^ the cities, the foundatlou 
has been laid and the methcKls of work n^ore or standarrlized^ It 
is not too much to say that we are williin i-iglit of the saluticm of 
many of the problems of municipal sanitaiion* 

Wliile tliese facts are true of the cities, in thos^e States with which 
we are faiiiiljar no ,Hnch condition cxlnt^ in the country districts^ 
They retiiatn ns they liave been for yearH, without efKcient organisa¬ 
tion, depending on the inetluMls and beliefs of 30 years ago. In only 
a few States is there a-hiqnate 6Uja?rvision of the runil commaciIties^ 
only a few States require the i^|x»rling of even the iiioat dangerous of 
contagious diseases, and in most cases what activiii" there is hi the 
country ilisiricts is confined to the control of .smallpox, diphtheria, 
and scarlet fcver^ with wfasionni altention to a flagrant nuisance. 
The vast contributions of modem *>cknoe to tiie prevcmiion of disease 
are for the most [jart lont lo the people of the country for the lack of 
organization and education. There are, of course^ isolated excppiiorjs 
to this statement, such for instance as the wonderful work of the 
Pennsylvania department of health iii qonnection with tuberculosis 
in rural districts, hut for the most part condUions are as stated. 

s llHMid Id tlH? i«tloD oa pnetiytimw asd paHlir hjUDlth nf tbt .laterlrdn i^lrdlcml 

A^OcIaIIdei, At Ihr Hliitj-arpt aiq^uiU apaaIod, bdd it St. LddIa, Juor, Rr{irLDted bj 

fx-nalHtoD WUb Autbor'a i«tlAlva tmta JduitiaI AmuTlctii Mi!dlcA| AJVovlAtlf^D. Aug. 27^ 
lyiu. 
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The r^HSCHM for this contrast are, in the mnin, perfectly obvioiii^ 
Theri* is in the first place n gn?ater Hurvivnl of the individuaiL^ttc idea 
of life ill the country than in the city. Governxnent touches the life 
of the individual in the country to a limited degree only. IIL^ per- 
soiiiil liberty, m called^ is seldom invudcd. He is, find he een^:iders 
hlniself to be, n law unto hims^li In Die city the conimuruil nien 
prevailsf no man lives unto himself alone; government is at tlie elbow 
of every citizen. In the second {iltice^ the ver_v isolation of the country 
niiLke^ it almost impossible in the cin.'umsiances to educate the coun¬ 
try people in the importance of health mensurcs. A single succeosfut 
cennpaigji ugaini^t measles or diphtheria or irnpiire milk will generalty 
convince the people of the eity c>f the iniportancc of licallh nica-^ini‘^». 
A A such a campaign is difticiLll or iinpnssilile under pre?^<nit conditions 
in the country, education eoincH more alnwly jind ilie siip]x>rt of 
healtlfc measures is always more doubtful. In the third place, the con¬ 
trast between ctujutr}^ and city is largely due to tho fact that healtti 
measures are more obviously netssssaiy in the city tliim in the country^ 
Tlie crowded city demands lien It h protection. Where our ncxircst 
nciglibor lives half a mile away he may stalTcr frfjni a ’^vidc variety of 
diwases and we may never feel the dainger* hut where we are sepa¬ 
rated from contagious disease f^sdy by tlie partition wall of an apart¬ 
ment hoiij^e, wc feel tlic necessity for and yield more readily to pre¬ 
ventive measures* 

The e,^p III nation for this contrasty however, is not ils jusDficntjorii. 
Tlie uotfnlry no lewi Eluin the city needs heuith education. The 
toiintry% even more than the city, stands in need of fund omental 
health precantions^ The very mass of disease in tlie eomntiy districts 
of itficif n?qnires that this prohlem l>e attnekeil, hut the bearing of 
rnml sanitation on the health of our cilice is j>erhaps a still more 
imniiia-riatc reason w‘hy our jwint of attack should I>e s3iifte(I, Tlie 
health of tho city depends in ii large measure on the hcalfh of the 
counti^. Tractically jdl tlic hwl products of Die city come from 
nionj or less remote country districts, A aingte aisc of typhoid fever 
on a clairy farm may, under oertain ofinditions, infect a whole city, 
and empluisizo to all the intimacy of the sanitan^ i^onnectioru In tha 
same way close bterooiirse between cities and the oountty renders 
I he fminer particularly liaiile to inftM tion from the hitter. Expe^ 
ricnce in many pke^ss has convitieial ns thnt the pn^ vent ion of small- 
pttx in the cities is very largely dependent on the dose inspection of 
srna 11 pox ^in t he country, si net. most cases of tliis d isease a re brough t 
into the cities from rural districts or small towns. Then, again, there 
is a ciying for Ik iter niml ^iiitation Ixjcause of the more or 
less general rt^ideuf’fi of city people in the country during vacation 
time. Tlie country^ boanling hoiLse has been one of the great sources 
of typhoid fever* and many of the ca^es which appem- in the cities 
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lifter vflwtion «in tmced dim-dy to tho bad sanitaiioD of country 
twirts. If» ilicmfore, ilis liealtli of the cities b to Imi impit»-od (Im; 
lieiilth of the coimti^ niiist n-lso I* bettered. And if the nation is 
ever to stAUip out tlisease it must bo by a general attack in both the 
city and the eoutilry. 

In addition to the crying need for such work rural conditions offer 
to tile scieiitilicsanitarian the wttrnctioa of almost unparalJektl oppor* 
tnnities for ivw'imrh work in tJie trunsmJssioii of disease. In typhoid 
fever, particularly, the key to the eradicatiun of summer typhoid is 
to ho found in itiu country. 'J'o trace the uieatia of dLsscndiiation of 
typhoid liacilli in a city, witli its manifold sources of food supplv, 
the coinpiiciitiou of the milk supply, with daily imntnet. between 
tliousandsof petson.s, any one of whom may lie in the inculmtive stage 
of the di-sease or mity Ik‘ u typhoid cairier, and witJi the ctmstant 
tomptutioii to jiUribiite the infection to the water supply, ig bc-set 
witli so many difficulties aa to make it almost hopeless. The l>est 
Umt can Im done is to draw geniTuI conclusions from the study of 
large groups of eases, and men hero it is difficult to exclude the 
general faetora of flies, miJli, mid water. 

Til tim coiiiitry conditions are very' different. Given a country 
district free from typhoid for smcnil years, tJie first case is easirv 
discovered, and I lie transmission of the disease may often be worked 
out with imdhemaljcul acciirmy. Water and ndik arc of course 
easily fxdmied; flies may lie considered with some accuralo idea a*; 
to (heir mipoitaiue os a factor in u-anamifiaion; and the actual siniount 
of ctmttict resulting in infectioti may often bo determined i^xactly. 
If this woik Ih‘ extended over a largrc area and I* conibinei] with 
careful statistical studies St will throw more light on the city problem 
than cjtn be ohtaiiiefl in the city itself by any means known at present. 

A or is typhoid the only disease ivhkh can be advantjigeously studied 
m the c^nntiy. We have found the study of the transmission of 
smallpox 111 rural districts to lie of great interest by reason of the fact 
that I ho time, phicc, and manner of contact cmi be worked out with 
ftiae and certainty. Diphlhcrin and seai let fever, »rtudied case bv case 
in niral dbtrieta, should thn>n’ giieat and mudi-needad light on the 
tmnsmiBainn of disea:^. 

It may not Iw amiss at this point to cull attention to the value of 
the ca.se method of study of infectious diseases in rural work. A per¬ 
sonal visit to cadi patient, (he collection of the data needed at the 
place where the tliseasc occunied. and the interprafafion of the cpi- 
rleniiologic erideuce in the liglu of the other information secured bv 
!t risit to the premises. otloRi l>y far the most promising method for 
the siilutiori of the problems now pressing for solution. 

Tile niral districts, however, offer even greater poi^lbilitiea in 
practical prevention thou as a field for studies in the transmi^ou of 


654 AJfHUAIj EEFOBT SmTHEQ^TlAN IXSTlTUTlO^ft 1^10* 

(lijieikso, Thi^ s^piimLion of individuttl the i?lowne65« mid 

f]om from t^mplieatiuti of tJio intoruommtink-Jition^ render heHllh 
work m the coiantT^' much easier than in eities. Witti trained men 
and an adequate sy^cni for promptly collecting and studying mor- 
hiElity slatistJcFi, preventive work in rural districts may be made to 
have the efileienry of n well-oiled machine. 

Even liens however, it h obvious that all the pbasi:^ of buinitation 
whieli arise in the study of rural conditions can not be studied fully 
hy the limited force at the disposut of the avemjizo Jitate health de¬ 
part meiit- Some limit at ions muhi \w‘ made and ^^ome problems in the 
coiintiy' niUKt n'H:^>ivn mom attentJOri than nthers., \\v have rarefully 
4x>TiHidered the subject and have concluded that, for the present at 
least, particularly in tlie South, typhoid fever and hookworm dit=ea-ses 
simuld receive fii-nt attention. The rvasou for this decision will* I 
thinks Iw- obvious to all* Typhoid fever is and will protiiibly remain 
tlio grvittest single proldem of ruml hygiene. High as is the death 
rate from typhoid fever in the country us n whole, it is hight*st in the 
South; and awful ns is the toll which most southcni cities pay to 
this dJ!r4^ase^ Llieir iHiideii is not so heavy os that of the niml sections 
of the same territoiy'. Hookworm has lieen pliircfl beside typhoid 
fever in this work because wo are convinced that Iniokwomi plays a 
part hardly lea^ important tlian that of tj^phoid fever in the South 
und is iLSSentinlly n di-^use of the count 

If we mu!^l study rural hygiene for its own importance, and if we 
must limit our study for the present at least to these diseases which 
are the most disastrous, we must Iwgifi our study on the farm+ We 
stionld not, of course, omit the small towns, as they offer problem-S 
intermediate Va^tween those of the city and those of the ctiiintry* But 
n study of these towns (wi^uiices us that in the muin the dangers are 
pssoniially those of tho fartin and the proldem is practically thesamo 
in its fundamental aspect as Ihot to be enconntcred in the country^ 
'flic fanii is I he point of attack, and in the work agninsL the dis¬ 
eases I have mentioned the farm is the unit both in the spread and 
prevention of Each farm is, to all intents and piiqjostei, a 

se]>arate commimUy, with its own population, its own problems of 
siinitation, and its own fnrsvs for good end evil. The work we 
would do for the im[wovemei]t of rural conditions of sanitation must 
lie done for the improvement t4 ihe farm. 

Studies of satiilary 4'finditions on farms show facts that ore nimost 
unl>cUevab]c in the ligiit our knowledge regarding soil {dilution. 
We have inspected in the course of our work against typhoid and 
hookworm diseas^'fi ilioiiscinds farms* and it. is tho exception rather 
than the nile thot we hnd adecjiiate sanitary cirrangements in use* 
Wells are often carelessly dug. carele^ly protected* if prolectetl at 
all, iind carcli3ssly kept* Tln^ well tops, almoiri without exception* 
idiow wiile cracks thrmigli which filtJi h washed at all times into the 
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Wpil; thp buckets arc bnmilcd bv all kimis nf-litinds and then cun^fully 
inivered into tJie well for the only cleaning they ever get. Tlio per- 
f^oniil habits of the ftTeiup? inhabitant of a rural distict are of a char* 
nctep in keeping with the other sanitar*' conditions. The aliscnoo of 
n 1 nni lig w a ter, and particularly hot water, make effect iia I cleanlinessir 
espwiiilly in cold weather, dilhciill, a in I the amount of water usetl per 
capita f)cr day is excceulingly ftmalL 

It muEt, of course, be admitted that in every rural rrunniunity there 
are those of suflicient intelligence, self-respect, and ability to rise 
above these conditions and to pi-ovidc themselves witli modem sani¬ 
tary conveniences, but, particularly in regions where the economic 
standard of rural life is low, these eseeptlons are few, and for tho 
most part eonditioiis are as T have deso’ibctl them. 

Even under these conditions, amazing ns it mav scmi. tlierc are 
many rum I cotninimitica which are and liave bftm for many veare 
practically free from typhoid, despite the prevalence of the dlkase in 
tliiK country* Tlien;' ure olhesrs in which lionlnTorm hjis appurentlv 
never gained a foothold, but the introduction of a single ™se of 
h’phoid under favoralile conditions is Hiifficieiit to give rise to a wldc- 
apmad outbreak of the disease, and hookworm infection, though 
slower in its spread, equally certain to infect the entire communitv 
under these eonditionsv 

Tlii^ conditions, then, fix tho problem of the farm, if they do not 
solve it, ami indicate the direction onr work must take. Projuw suni- 
tary conditions,! he safegunrding of the water Hupplv,and the instruc¬ 
tion of the people as to the necessity of olwying the Scriptural injiinc- 
Hon to wash before meat ore not of tliemseh*es diflicult. expensive, or 
revolutionay procedures, iloreover, when we take into account the 
fact that the eartying out of these procedures will do much to secure 
the inmuinity of the inLabitaiiLs of the farm from soil-poll ill ion dis- 
na^ It does not seem that it would beditReuJt to secure their adoption. 

1 ho problem must, of course, be nttaeJEed in detail, conn tv bv 
pounty, district by district^ farm by furm, and individual bv indi¬ 
vidual. 

It has seemed to ns that in attempting to solve tliis problem we 
could well take a leaf from the book of nvxlorn indiLstrial enterprise* 
that the methods which have Uwn worked out by tho marveltmg 
orgiinizations of commercial interests might well Ixi'of use in a work 
of tills kind. The prohlem of n man who would teach the people 
proper sanitation is not essimiially different from the proldem of the 
man who would sell tliem a book, or a safety razor, or induw them to 
buy an improved chum. The proposition is a selling proposition, 
and our foretw may well be modeled on tho sales force of any modem 
mdustrUl 

The finst (ittestioiii is that of ndvertisiii^j or^ as we are acem^omed 
to speak of it, of eiluc^tiwn. At the outset It shnuld be in-sisted on 
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thnt such health f^ducatioji or jidvertisetuent should tie iiii education 
regarding the funclamentul principles snd established facts and not 
re^rding individuals or cxjierimcntul iileas. In our advert king 
i^nipaign to resii^li tlic fanners we miisl suppress sU (x^i'suniil refer- 
eiicea and make our advertising carri" Hound and provetl facts of sank 
tatioii^ IVe niu^t aid vert ise onr jmHhict aind not our sales manager. 

The forniH of publicity to |>e used in this aducatioiml enmpoign are 
varietlj iitid practically all of them are to-day being used, in common 
by commercial and lieahh orgajiiKatinns* Press notices, which are 
easily seciinxl at small coat by a proper pre^ agents tire of enornious 
value. Special stories arc glsdly canuetl by itewspupers if they do 
not carry too mudi self-advertisement; hillUiHrdSy magaziine stories* 
and artioleHf and special publico Lions of various heiilth departments 
are l^eing used daily in this worL In ad slit ion. lectures^ exhibits^ 
speciLil railroad exhibit ciirs, demoni^rations in railway stations and 
jjiiblic places^ alt have their place and all are being used public 
health ngeneiea. 

But tbese are not of theiie^el ves i^iifiScient* Th^y iiroiise the interest 
or excite tlic curiosity of those w4u>ni we wish to reach, but they do 
not give tlic individual the ijee<«isaTy itupulse for immediate action* 
Wc tnuai have something more personal, more direct and impelling* 
to obtain this results Unit are ucces^ary. Here again the imalogj^ with 
selling forces of cointneirial wiiicerng bi'^conu’H strikiDg^ 

\Ve must lisive a detailed field force, niu^t have a force which 
will jjersonully reach every fa nil whose sanitair condition we would 
improve. Itlliile all local health organi34jtions have this end in view* 
ami the Individual physician constitutes a powerful force, even tlicscs 
must l>e! arousd] to their opportunities, must be cdncate^l and suiiui- 
ktixl as much hh our lay constittiency. They corres|x>nd, in the 
analog)" we Luve drawn, to the trade for the regular distribution of 
onr product, We have not created the need for the product until our 
detail man lias visitecl the consumer. 

In praclic4> the elfort to meet the need for detail work, esijecially 
in conni'^ti^ifi with the hookworm, could be accomplished by I be ap¬ 
pointment nf rural district inspi'ctors. Each riinil district inspector 
ciould be assigned to an area of four or five countien^, conveniently 
hx^ted and ac^\rssible from soine one |>oint as headejuartersy This 
iiistrirt iiis^>ector wo-iild correspond to the cletail tuau in onr selling 
canipjiigti. lie go€^ into the ilisirict and visits fii-nt the pliysiriari, 
taking with him hk microHcopu, his literalnre* and a KUmll amount of 
propiTly prepared medicitie. Ho should be a griidiiate pby^^ician, 
qualified to pnictit:e medicine, but bb whole time Hhouhl be devoted 
to the work and he should be allowed to accept no feeai On his visits 
to the individual physician lie interests him in the hookworm disease, 
diflgnoscif a few cases for him. and treats several, in order to be sure 
dial die physician is thoroughly acquainted with the practical detaib 


BAXITATIOX 0N FARMS-FREEMAX- 


657 


of tJic! work he is going to be tialkvl on to du. Then, with the coopem- 
tion tyf the physiciun. working m the practice of one physician at h 
time, lie visits the ijidividtm] fann, tnlfe with the hwid of tiio fninily, 
or better still, with the ninthcr, points out the ehilJreii whn nrc prob¬ 
ably infected, gets siweimens, leaves Hleratuj-e, suggests treatment, 
and refers them to die faiiiily physickm In this way. within li coni^ 
punitively i^hort time, he would cover the territory of the physiciun 
with whom he is working, secure a few object lr5*>oiis of treatment^ 
prepare tke physician to take cjire of the cases when they cojms and 
would thiL^ start the current toward tlic jihysician. He also inspects 
schoolj^, gives piddio icctnnis nnd demonstrations, and in gemTul agi^ 
tates tho question until every one In the community is thoroughly 
acf[ini:ijvtcd with iha facts regiinling tlia disease. 

This ihiail work ko far him l^cen very sneoessful in some States, 
The patients who are treated recover ho rapidly and ejthibit such 
markt*d improvenicut os to constitute an liniiiisw'erable argument- for 
the triitli of ilio contentions of inspector and physician us to the im¬ 
portance of the disease. 

The whole community rapidly becomes interred in the subject; 
tlic wor^t cases arc Ht>on treated and the mild cases come Inter; and 
willi the i5prend of ilie triiih regarding the preialenoa of die disease 
ximl methods of its frpread comes the desire for belter sanitary condi¬ 
tions. 

The amount of territory which ran Imj covered bv an active man in 
this way is verj' large, and, tlmugli wc have not iwitclly determined it^ 
we estimate that four or five badly infected counties can be cleaned tip 
in a yearns time, and that then the iiis|N'ctor niay f>e moved to a fre>:h 
district. In this way four or five yeai^i should see a Stale tlioronglilv 
canva-s,sed for hookworm disease, and the cxtenniiiaiioti of the disease 
sihonkl bi‘ ill the way of uccoitipiisUtiicnt. 

The work in coiiticctinn w ith the hookworm will undoubtedly yield 
an e,\tni result in typhoid fever in value to that from hook- 

worpi, oud w'c belie VO that the s:iicccssfiil carrjdng forwarrl of the 
prc,sfmt (Timpiiigii will result in a markotl retlnctiou in nind typhoid. 
Ill addition — and by nn means IoohI impoHard—tho ilemon-striitlon of 
the practical lienodts of systcmntic and scientific work iii ninil dj,s- 
tricts afforded by a succ^ful campaign of this character will [dace 
preventive work on a new and firm hn^UH lM*fnre the eotintry i^eople 
and should render the systematic and |x;niiaiient e,\tension of this 
work, eribrncing nil discaseis cany of nreomplishmenU 

^\*e Indie VC j therefore^ in condndon. that present rural sanitary 
cxmdilioii^ii muHt not l^c iillrtwef! to ratitiuiie: that the prohlem must 
be attacked in detail; that detuil work will yield tremendous benefits 
Imth in contribution to our present knowledge regarding the transmis¬ 
sion of many diseases and in the actual prevention of thousands of 
nmiccessaiy' cases of preventable diseasiis, 
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rts' Ifoinafr Kocrr. 

(A IcctTiro islven txi'forc (bv Af«iiii>n^ of HcS^ces of Berlin Dtlrn I'fKiiloa of 
Apr. 7. lOlO.)’ 


Invi^tigntinm into the epidumiolojry of tuhencblnsiB have brought 
out £ 011)0 fnetfi of interest anil tilso of pructicnl iinjiortaiice which will 
be the subject of the present pitper. 

First some preliminni-y' mnnrks «UK?eming tlie charnctor of the 
iiivcstigaltonsL They are in all essential respects statisticiiL If at* 
tempt hud Wn mmlc to cover the entire field, insumionntnblo diffi¬ 
culties would have Itren encountered, 

Tiiberciikisis, as is n-ell knoivn^ manifests itself in tlie most varied 
tvnys, frcqitently oceiirniigiii sndi insignificant and latent forms that 
no sliiirp dUtinction «m lie muih. bctiveen tliose nlleded and healthy 
pecsffns. For that reiLson it was necessary to limit the present dis- 
ciissjon to a fonii that is siiflidiently well marked and also diagnosed 
with certainty, lliese conditions are lied fiilfilTod hy tnlwrctilosis of 
the lungs, the sfj-i-alkd puliiinnnry eonsiimjition, Thia form is also 
to be recommended for siicb in vest ipat ions Iwaiiise it is by far the 
mret frequent, the one chielly concerned in disseminating tuber¬ 
culosis jind therefore the most iraportimt in medical practice, 

A Jrtill further limitation must lie mode. Owing (o tim long dura- 
hon of pulmomiiy consumption and the difficulty of making sharp 
diBtinetions as to ite beginning, we must disregard the statistica of 
jiln(^ from this disease and consider only tlie statistics of death. 
In the.se we hovo ongimil data that are, to a certain extent, trust- 
worthy, and that may serve ms ii basis for investigation. 

It is true that tliis tnirtworthincss could only lie absolutolv as- 
£ur^ if m erery case of death by pulmonary consumption the diag- 
Dosis were confirmed by an autopsy made by a competent expert. 


to 
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which Uy tio menus renlly oociire. Autopsies nre lield only in * small 
proportion of cases, find tlicreforo .some uncertainty eaistts. Besides 
tlii-s, in iiiaiiy regions, even in entire ooiintrics, llicre in, for well- 
rccugiiized reasons, a certain hesitation attachMl to proiiouncuig n 
diagnosis of pnlrnouary coc^uniption, and the disease in called in* 
stead chronic catarrh of the lungs, nr somclhing siinilor. It is, there- 
forv, not always admJssiblo to compare with each other the death 
rates of pulmonary consumption of different countries w'ithoiit fur¬ 
ther examinatinn, iin<l it is to be supposed tlint mtmy cases of strik¬ 
ing difference* may l» espjaineti by dreumstanocs of this kind. 
This source of error hns, liowever, no et^cntial influence wlien we con- 
jdder the increase or decrease of mortality in the same country or city. 

On the other hand, it ma3'' be said that pulmonary eonsuniption 
is a very sati.sfflctoiy subject for stotistiinl in vest igo lion, IteciULse 
its charaeiedstic a-mptmns make its diognosis quite certain, even by 
the IttiLy, so that for many inaltecs where absolute exact Unde is tint 
m[uii¥d, data are available, even thougii not supported by medical 
authority' nr by autopsies. 

If in an investigntion of the cpiilemlologv'^ of (uberenloets we gn 
Wck to early data concerning mortality from Mmsumption. we Jind 
the disease meutiniicd in the ohh^st records. 

In Ibe writiugB of Hipiiocmtes a very characterkitic descriplioii 
of puliiionnry constimptinji Ls given, and we may iToncliidc fnmi it 
with certainty tliat the pUysicians of that time were quite familiar 
with the symptoms c>f tlic diBeasc. It is stated in several [jlnces llial 
iiumeruiis per^na iiave been affected by it.^ We must therefore con¬ 
clude that phthisis already at that time played a part similar to that 
which it iissnmes at the pitrsenl Jay, 

Wo find the first uumericul dulii, however, much later, and tbcMt' 
relate to Sweden, where they were collected by the clergy. 

From these we obtain the highest figures which mortality from 
phthisis has hitherto reached (Table 1). About the middle of the 
cigiitvrntb eeutiiry tlie ruortaUty in Sweden was, for the counlry, 
21.5 per 16.000 persons, and it rose very slowly to 2T.7 olmut 1830, 

wtHJh^ of UIppocTTiltfl {flrtmin't trdllpbll«£0>i. Ott p. tltt 

hTuih', is mmi tnsjwrfflBt Pliairle^ mnoae thw tiffiVnlilDK 

tt llutt Mllffll mAnr ST 1 "TIkc und mint 

tod the «4ie wlikta warn ibid moat wm pbtoiiuiiBrjr coiuuiupdjaD " 




EFIDEMlOLO^y OF TUBEHCCOjOSIS—KOCH. 661 


15W-17M 

lT^>t-l■!i7D 

lT71-|Tfifl 

I^l-ITW 

t79l-tan 

tm-isa 

l•Kd-li6e. 

iMi-ifnii 

lari-iswj 

isdi-iwxi , 


Tabui 1.— MmictlUu fmm putrmmQrif iyonwufnjtihm^ 

[AfCfT CttbiitHlM tor mrj lU.-cmd iMtrponA,! 



In 

dnii,. 

En Stoet- 
bQlou 





^rli 

3 D.S 

tfilL 1 

I /it, * 

jU d 


‘ a 


rL •% 

le? K 


24-0 

'■d. a. 

1 oi. i 

£a.g 

«J .7 

■* 

. .... ... . . 



Bf. 1 



K 4 1 


>Q,a 

jn n 

t*} 

44 a 



4 H-(- 

4 _l it 


in'. 

B 

Mfh #■ 





^ N« (laEA ttiTl-lL 


Considenibly Jiigher figures prevail ui ilie vJiief city of the country, 
anil this corrvsjyjntis to the usual I j' ucoepteil opinion that the citle^ 
on iiccoiml of tlie (jrowilcil Liiiildtngs and iJie ImiJ dwelling conditious 
connected tflcrewiiU nnd also beeauso of the less resisting power of 
their inhabitants, are iiuire unfavorably situated as regards tiilxTcu- 
losis lliHii is tha open country. Stoddioini had In iTiSO a mortality 
of itbS, which in IS^O had udvtuiced to 03.1 5 that is to saj'j tiearlv 
100 per 10 , 000 , or 1 {>er cent. 

The itierra-se of tnortaliiy from phthisis in Stockliolm is said by the 
Swedish physicians to Iw caused by the intsiuie of alcolioL I'he rnto 
of 100 per 10,000 is only met with where the most unfavorable ni¬ 
tary eniu lit ions are encounlere*!. for example, in jail-s, at least in 
fontier times; and iiLw among tbo perishing mees of North Americatt 
Indimis where alcohol W also the principal cause of decay. Acrtuxl- 
ing to the concurrent teKtimony of variouH tmvdera, the inlmbiiaiits 
(if {ireenland. compelled by the norlheni eliunitB to live crowded to- 
getiier in their tiuLs, thus greally incrcusiiig tlie possibility of infec¬ 
tion, suffer In an extrnorditiary riegn.'e from tuberculosis, reaching, it 
appears, eveij a higher figure than 1 (KI per 10 , 000 . 

A death rate of 50 per 10,0(MJ occiira rather frefpienlly in the last 
quarter of the nirieteeiith centuiw, especially in cities. I wilt cite a .4 
examples among the (jertnan dtieH; Diissehlorf, 5,1; Kllwrfeld, 59 ; 
Osnabrtick, 52; Cologne. 501; ^fuIlid 1 , 50. Especially tiigh figures 
occur in Austria-Hungary where Uiere is 50 for Biida-Peslh; ,53 for 
Preabiirg; 66 for Finme; Td for Vientia. 

From these figures we have a gradual desccjit until we reach a total 
absence of mortality. Iti certain regions, as in central Africa, labor- 
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clilosis occars only h\ cjUJli’ ii^iluted cjises, the pjitienta behijj of Euxo- 
f>ean or coast ori^n- At tho proi=&iit time tlie lowest fi^irc for some 
regions in Aiiistralia is iihoiit 7 deaths iwr 16*006. But thii; figure 
is also reached in soma sections of otjr own country^ as for oxampltT ^ 
tliC district of O^teixKle in the Province cjf AlIcnsLeitL 
j^neh low death rate? have only I>een observ^cd during the Icuft few 
years >^iid tUis leads me to llie most notabte phenomenon In the epi¬ 
demiology of tuberculosis^ to which I w'Onld espeoklly invite your 
attention, iiaineh"! thenimofit uni verbal marked decrease in pulmonary 
consumption which hns Ijtecome evident during the la^. 30 or 40 yi^rs* 
'fhe loivcrlng of tlie ileath rate Iwgun first in Eugiand, and it also 
happened that the English hygienhrt Farr w tis the first wiio was 
struck by lids and who called attention to iL In our own cejuntry 
llirsdi, Llie author of the w'ell known Tlamlbook of 1 listorico-geo™ 
gniphieal Patliologj', was the first to mention it, 

TTiLs reiiiarkahlc phenotiienoii was at first rficcivcil with gtxiut scep¬ 
ticism!, ^ind it was alleged that, there wcn> cilhcr rritu-s in the htatistica 
or that it depended iipKin the decixjaso in the grtneral death rale wliicli 
had been previously notc<l, llmugh not to the same degree* But m 
the decrease in pulmonary consumption wns shown to occur almo^ 
iiiiivcrsdllv and also coiitinuedj theru remaiiieLl nothing to do but to 
acknowledge it as a fact and to find an explanation therefor. 

Ill order to give an idea of the decrea-ss of ooruiumption, the coursse 
of the death rale from tluil dL^ease in Lhe Ivirigdum of I'russia may 
serve as a specially charficteristic example* 

It is shown graphically by a ciin'e in Table 2. Up to the year 
ISSO the figujrei^i rcpre,sontuig the morlality remain with irregular, but 
not marked variations a little above 66^ then l^egina a decrease which 
lias kept up with but Utile Viiriatiou to lhe present time. In the year 
160S the figure fell to 10,34, a deerea?^^ of nearly 50 per cenh 
For the Goruian Etupine tUe statistical records do not go back far 
enoiigli to deiiionstrate Llic reduction in cornfiiinplion i[i a similar 
ninnner. Yet the curve for all Germnuy rcsembjps, ns f?n' as it goes, 
that for Prussia ; U h somew hat higheri because the Stales of southern 
frcrmany arc not as favorably situated aa Prussia wdth regard to the 
discaise. 

The significance of this reduction in consumption will be noted 
wlien we oljwcrve that if the same relations jirevailed now as years 
ugo Eibout 106,000 iiiorc persons would ilie annually of consumption 
than is now actually tlie cose. It is llierefons very impnrUmt for us 
lo ascertain the causes for this decn^nse, in order lo know whelliur it 
b subject to ay influence under our control; whether it would be 
possible, were it atresteil^ hj overcnnie the ol^^atacle-j also whether it 
would lj<5 practicable to hasten its decline beyond the present rtfte. 
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Tho question, therefore, arises ns to v»-hj«t is the couse, or ruther 
whot are the cutises of thk tlccreose, for it can harcUy be suppotsed 
that it dopenils on n single factor alone. 

Concerning this it might at first he sijpirasetl that the death rate 
from consumption decreases because the general death rate, as 
known, is also decreasing. This need not tlecessarilv Ijc — 
would onl.v occur in case tlie ennsca wliicU infltience the general deatli 


TA.DI-K fmn ^:^jiK6fittiptkfn fii /•f'uwsrfff. 


late hare u similar inlliience upon the death rate from ennsumption. 
But we now see that the detj-ense in the latter is much more rapid than 
that of the general mortality, Uiis lasing more proljably influenced in 
a «>n.sid«ruhle degree by the dreroase in ptilmonary consiimption. 
Therefore Umt disorder must be influenced by factors peculiar to 
Itself. 

ft might also appear possible that the decrease In tulwroulosis 
depends upon the general epldeniiological course c>f this disease; that 
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thiK cpiclDinic in U^lf^ like other epideniiis^ hl^ the pliigue and 
tdiolem^ nui^t de^reube after a i'erhiiu lu|>se of time. 

If this were its natural] course then the decreuse woidd piweeil 
eveiya hcre in a utiiforui manner. Bnt this is hy no means the ease. 


TAmJi 31 —frtm td JfdJHtacfttfjrrliir, fJrrrif 

timi 



In inobt eomUries, it is tnie^ the curve cleficdids^ hut tliew are otheri^ 
in wUicb It rises. It will 1 h> se.*n by ermsuUin^ Tsibb 3 that En^lnnd, 
RootIpnJ, anil Hif Amcrknn State of Miuwacbniwtis (cliosen Ix-eniifi* 
its statist ies rcaeb far cnuugli back) Inive n ilecrieasing death rate 
from consumption, wliik in frelond, Nonvny, and Japan it is increus. 
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Frtinc* has a death rate from coieiuniptloii thnt is wn- 

fnvortible> In cUiea of more thui] Q^DOtl uihubitiiut^f the oidy one^ 
for wlucli statistics ere availttble, 27 cmt of every 10,000 persons die 
of this di^flse, and there wns no rlecrefiso in the years from 1001 to 
10O& {so far as the data hnr\o been puliliabed). 
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ins'. We meet witli the sunic phenomenon in certain cities; London, 
Copenhagen, and Hamburg have curves of decrease, while Paris, on 
the wntniry. it as it Iiigh-Iying curve which shows but little tendency 
to descend (Table 4), 

Tabu: —llnrtnHtif fmm at fi^imbur^. 
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Very clianicteristic cxiimples of fiivumble ind lent ions in tbe tnor- 
tality uf consumption urc idiowii bv Hatiibnrg (Tabie 5) and tioston 
{Table (i). 

Before ISM Ilatubiirg I(jst by consumption 3" for every 10.000 
inhabit nuts, and in iSvSO tire figure stood nt 33.5, In 100" the inor- 
tnlity had doc tensed to 13.7. 

Boston had in ISSC n mortality of about 10, in 1907 it was 1S.5. 

U,—pt«Hi «f /jrnj</r.i)i. 


'J’heae figures are still more significant if wo compare tliem with 
those of cities which are esposotl to comliriona similar to those of 
Hamburg and Boston, For this purjtose we will compare. Hamburg 
with Berlin {Tnbie 7) and Boston with Xuiv Vork (TuLleS), 

The mortality cunes of TTambarg and Boston descend at once and 
the decrease continues at a uniform rate, while in Kew York and 
espeeiolly in Jk-rlin It bus slacketiEsi for several years past. 

The esampifei I have subniltte*], end which might easily be in- 
erease<l in number, sliow tlwt there can las no question of a general. 
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regiiJurj iituforjn decrease m mortality from coiisuiii]>tbnH. and liiat 
we must tberefore seek for other factors than those dcjiendcnt on a 
spontoneouK catiw of decreuso eonoected with tlio epiderninlo^oal 
ciOurse of the disease. 


’pAat^i; 7,^l/ortflrff|f mniHiMptitin a$ Jtrrlfa. 




-*■* he alleged that the vlnilenco of tuhervulosis has ahaioiL 

colosis l|Ogan <,mte suddenly, and after a few decemiimns has 
reached, m many cases, 50 |«r cent and over. Aa the mortality fmm 
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eortf>iinipt ion has marked and often slowly iiicreasihg during 
2,0(K) years it is not reasonable lo suppose that it would decline all at 
once williQiit any assi^able vnu^. Besides, the liccieaso of vini- 
leiice would first lie manifested bv an amelioration in single vases 

Tadix &“J/orrtf/J/y fr»m nmnumptlon nt Xfw for*-. 



which would also more fre<|iiently tenninate in recovery. Hut noth¬ 
ing of this kind w'eurs. It is itnloial true that in nimlern times great 
advances have liven made in the treat nlent of tulxreulusis, iiiid that 
we succeed, through thu mi-caHed hygienic-dietetic treatment and 
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especially by tlie apecibc treatment, in curinfr many ca^. At pres¬ 
ent, however, only a comparatively small percentage of cosea sliaro 
this advantage, a fid for tlio cascg not so treated we are unfortunately 
convinced Hgain and. again lUat pulmonary tuberculosis mahitama 
ihn same deadly characters as formerly* 'B<isides tlie decrease in eoii- 
sumption had already been going on for several years before the new 
iiieihods of treatment had l^een widely disseminated. 

The decrease in consumption has often tiecn ascribed to the dis- 
covetT of the tidiercle bacillus. Tt has been said that by this, the 
infectious character of the disease woh proved and that, in conse¬ 
quence of this, people became more cautious and avoided infection 
as iniich as possilde, while previously physicians did not ndmit the 
infectiousness of cousiimption nnd the public at large followed them 
in this as a matter of i-onnse. 

There is cerlauily rniich fo be said for this nrj^iinent. In tniy 
case it is verv" striking thut^ with a few exceptions, the decrefl^ in 
con-^Tinption set in everywhere within a few years after that dls- 
coverj^ Yet the exceptions x>rove at once that this new-born fear 
of infectioTi Is not the only factor involveil* although we must allow 
to it a certain intluence w-hicli is by no lueaiis sliglit* 

Cienrinn authors have frequenlly claimed that social leguktions, 
particiilurly insurance against itliies% lias had an effect upon th^’ 
decrease of tnbprculosisL To u certain extent this is undoubtedly 
tnie, piirlicuhirly as regards prewiuit coiidliions in Germany; yet in 
most Ollier countries, where such regiilatioiiK have not yet 1>een GsiAl>- 
lished^ the decrease has lieen jiist as great luid hag Ix^en going on at 
the same time, so these regiilatloim can not be w^lth ns tli^ most 
W'eighty cause^ 

It would take me too long lo enumerate iind discuss all the attempts 
at evpfanation that have been umdo, and I will therefore confine 
myself in conclu-doii to thocse investigiitiom of this qiiciition which 
appear to me Lo Ise of the most importance* These investigations 
were suggested by lUe striking fact that the death rate from tiilK^r- 
ciilosls show^s great diffen-iiccs in the tJiree countries belonging to 
firent Uritain. In Kngland and Scotland it is dccrextsing: in Ire*- 
land, on the eontrari'* it is ahiwly but evidently iiicrcagingJ Newg- 
holmeH. the well-known medleal statistician, ling ondeavomi to find 
the prime cnieai of thts,^ With the gix?atest thormnghiiessi he hits ex- 
nminwl all the factors in Ehe question, chiefly lodging, fcK)d, condi¬ 
tions of service, f>are of the sick, emigration, and has finally beceme 
convinced tliat for Ireland the method of caring for the. sfek jg the 
determining factor. \l"hile in England and Scotland phthisical 
charity patienLs ait^ committed to isolated institutions, b Ireland 
they are supporte^l without lieing re-|uiTOj to pke*© themselves b 
an institution; they therefore remaiji b their own lodgings and con- 
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tinue to infection about tliein. Ke\rsliutmi! cnrloot'^^ also to 

prove that iii Xon.'i-ay, too, tin* mortality from consumption is on the 
increase becmise insulScieiit can; is token for the placing of phthisical 
patients in liospitnls, T might remark hei^e that in Norway this 
defect has already l^een rccogniwd and care has been (ukon to I'ometly 
it by founding sjiecial hospitals for consumptives. Jt appears thai 
on accoimt of this precaiiiion llie iiiortality cun’e in quite iieccnt 
years no longer ascends. Xewsholniu says further that the vi*rv high 
mortality in Palis results from the instiflident hospital fiicilities, in 
conseqnentt* of which pat ten to nn* not kept in long enough to insiiro 
protection of others against infection. 

With n'fereiico to this 1 entirely agree with Newsholme that u 
commitment to hospital for as long a time and with as careful atten¬ 
tion as possihle is the mttst cifectiv’e means of pre%’entiitg itife<;tioii 
and thereby (he spread of ooasimiption. Jfv vxperieneo also shows 
that tvherever consumptives are kept in sufficient mimliers in hospi¬ 
tals there consumption is most diminislied, and rice versa. It uj 
also apparent that iu no way can the danger of infection, which 
attends every phthisical patient. so snceessfully combated as l»v 
isolation In a hr.>spital. The value of hospital isolation is shown in 
a striking manner by such tn'atmcnt of Icprcusy, ns by Us means wo 
have uttuck{‘(l that disease w'ith gtaid results. 

Best*!PS this factor there is still a second one that pluys u very 
important part This is fim housing of patients. The more con- 
Imcteil ihLs is—the more lack there is of light and nir—the mare is 
infection favored. By many authors poverty and density of popu¬ 
lation have been mentionetl ns having a dpcidtd effect on tlie fre¬ 
quency of phthisis, and quite correctly so; hut, in tnith, this is 
caused by the def^'ctii’e and loo small liwellings in which, through 
poverty and the increosed density of population, people are forcetl 
tn live. 1 might even go a step further and say that it is not so much 
tho pxmtracted character of the dwellings as a whnle as the condition 
of the sleeping rooms that favors infectinn. Even in a spacious 
dwelling, ill itself hygienic, the danger of infeetion may laH.'ome 
very fpreat if tho inhabitants crowd togetiier at tiiglit in n small 
sleeping room. It is certainly not an accident that with us the 
highest mortalito’ from ctmsumption is not foiiiid in the piwr regions 
of the eastern provinces, but in tlie relatively prosficrous and amply 
cidtivaterl regions along the const of the North Sea. where fiyjin 
olden times the evil custom has prevailed of using for ^sleeping 
rooms sinall, cell-tike apartments built in the w'all, the so-called 
c:idibh;s (Biitzen), which are ahiit up at night, and that in tlie north¬ 
ern parts of Sweden, with » climate that k notoriotLsIv hea1th>', the 
highest, death rate for consumption occurs when; people alao Hicep 
in closets quite similar to tlie cubbies of Frisia. 
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The striking fact, that widi us the cities often have a Jovrer con¬ 
sumption death rate than docs the Ktirroitiiding emintry is apparently 
due partly to the want of hospitals and partly to llio had habits of the 
rural inhabitants, in that they, even wlien they have at their dis¬ 
posal several living rooms, select the meanest and smallest for a 
sleeping room. As an example of the distinction between city and 
country, the following statistics for certain IViissian provinces may 
serv^e f Table »): 
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iJiit in lilso^ housJnf;r eimdiiioriH nre poor* There are lumicr- 
ous dwelJliigs lliftt coiisist of u single rooiii,^ In which fnmilica^ riftcn 
witli sev'craJ diiltlrenr live^ took, and sleep, often in a singly l>eJ. 
According to Eiihiwr there are in Hamburg* Ib^rlin, ii(id Erfc^bu 
10 to 14 jitT i't'snt of overrrowdctl dwelliJiga, if wc consider as siidi a 
riMiHi with bitt une window bousing uinre than 5 

Kayaerling has estiinale<1 Itnil., of the phtlusicitl ]mtients who 
die ill their own rmifirs 40.0 per cent, inhabii but one lyxwii, 41.7 per 
tent blit two rooms; thnf in Berlint during three venrSy per¬ 

sons were exj^osed to Ibe greatest danger of infection because of con- 
aumptives dying in one-room dwellings. It ia well known that con- 
fniinptires in the lo-st stages of Lliq disease^ when they are belpl<^ 
and exjieclorale apiitiim erriwded with tubercle liacilliy lire especially 
liable to spread liifeclion* 

If we adhere to the vdow that the most effective protection against 
mfcctinii is the isulutiun of cons^imptives in hospitals, and then 
reflect furlber that tlie iiumber of hiich a<liilt peniions for which, on 
acroant of tuliemdoiis diseuxe^ liospltol treatment is necessary, 
auioiints in Qie (lermim Empire to from 150,000 to 200.000 annually^ 
utid tliat it iis fpjite impossible to plaoe these all in hospitulg, noth Lug 
else remains but to isoble the greuter part of them in their own 
dwelling:^, if it were possible to assign to each patient a f^eparate 
sleeping rwm, this might lie to some extent effected; but bow can it 
be done if the entire dwelling consiFta of only u single room? 
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These consideratiois-s ahOTT that the dccren-se in consuniption in 
recent tim^s depends upon various faetors^ of which the two most im- 
portanL ones are the care of those affected by hsoJatJng them iti hos- 
pi tala and tlie improveinent of housing condilionaf especially as 
regards the sleeping rooms. 

It is opparent from tins that vast ol>staeIe3 have yet- to be over- 
eome before we ean succeed in ret.hicing still lower tJie mortality 
from consumption, and finally reach a level which will possibly Ih* 
below ihu lowest Misting ut the pre^ui time, nnmely, T iier 10,000 
I>eTsons- 

We arc now enabled to realize the great benefit that accrues from 
having an exact knowledge of the statistics of mortality from eon- 
STimption in countries and cities. Tlie mortality curve informs us 
[it unoc^ whether the conditions art* favnnible or unfavorable, whether 
the mortality is diKrrexiHiiig an^l (be meastireH takert are still effective, 
or whether improvement*^ stippleincntary regulations, etc,, should l>e 
instituted. So in Xorwny the course of the consumption curve 
induc^l the aulhoritii^ to take in hand the Imildingof hospitals, and 
thus <utuso it to desoetifb 

Xew York resolv'cd^ us soon as iL was shown lliat the curve licgan 
to flatten and sitow greater variations, to toko more care of the sick 
and to increase the nmnbiT of beds a^igneil to cf>nsumptivca from 
2 ,fi 00 to Tj^flOO. Ill llerlin, for the satne reason^ there erected a 
special hospital for piilmomiry consumptive^r, with 1,000 Iwds* 

It ift very desirable that exact mortality statistics should he every- 
where olitaincd and tliat studies of the i^imo shnuhl be extended to 
smaller and smaller districts, so as to ascertain more fullv the con¬ 
ditions tlmt control the development of tuberculosis^ especially in the 
cose of small haniletH and countiy districts;, and thereby to relieve 
them* 

In our own countiy statistics arc already developed far enough to 
enable ua to scan the death nate from consrimption in single districts, 
1 have here the record of mortality in two departmentst which ex¬ 
emplifies in a striking manner the interesiing problems that result 
from a comparison between different districts. (Table 10 .) 

TABtr 10,— Death*'fmrn^ tuhmulext* (n /-JOT inhabitant 9 , 

Alimptein dciHirUMont OO.JWl) : 

ilfstencule- -- .____ _ 7,2 

JolmaiilKban; —---__ ______ 7 ^ 7 

SeruMuiri;.- ___a. r> 

XelcK-tibiiri? ----—__. _ 0 * 5 

RoikL. ------- 10,0 

LOtafft- ___ 11x5 

oiiirs*—Hill itiio 1 3 ^ 
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OtituiliHkk (LCfiintr>')i ---- ir^O 

lliQl'lt'. V ----- - ----- -r -m ^ m -w m m-m - 1 J . 0 

ObCAbTRck {rlty) ----- lSii> 

Mf>p|)ciu. ______—--—-- 22- 

MpSld _ __—-- 2A,\> 

A^dteodorf --—- - -- -iM. D 

Grufecliurt B^qllirfrim ----- STi, liJ 

fkmpcibrnck..-. -----^-^-- 3S, 0 

fjlTigwi _ _ _. ______ 

-— *m 0 

initiuLiijiiic -- - - - --- *vio 


For an effrclivo cariipiugn agninid tnborctilosiiif it would be necessary 
to go still further md divide each district mto snuilier areas^ each of 
which should be specially mvestigated and provided with detention 
houses or other derice* for corobatirig Uie disease. 

The statisticij of tnortalLty and the epidemiological researches con- 
nectetl there^vilh constitute an important feature of the nvaaHurea by 
which tuberculosis La to be combated. 
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